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Doses from  frequently-performed CT  examinations









Effective  dose  ‘hides’  differences  in  the  doses  delivered  

to  various  organs from  CT  examinations



CCTA: Dose with 256-slice scanning

Effective  Dose: < 2.0 mSv (Prospective mode)

Breast Dose: 14 mGy
Lung Dose:     9 mGy

It’s  important to focus on organ doses  



Anthropomorphic  phantoms  represent  only  

standard  size  patients of standard ages



There  are  obvious  differences   in  the  anatomy  and  size

of   patients.  Consequently,   there   may   be  considerable 

differences  in   the  outer   dimensions  and  organ location 

between  phantoms  and  patients undergoing examinations

Patient-specific and equipment-specific dosimetry is needed



Most  existing  dose  estimation  methods  don’t  take  into  consideration

- dual energy techniques

- parameters influencing dose such as contrast material 

- new dose reduction tools  (automatic kV selection ,     

organ dose modulation  etc)





















Pregnancy: Conceptus  doses and risks

from  CT  examinations



Head  CT              < 0.01

Neck CT                                             < 0.01

Chest CT < 0.2

Examination               Conceptus  dose  (mGy)

Conceptus  dose  from  extra – abdominal
x-ray  examinations



* J. Damilakis et al, Radiat Prot Dosim 1997,  

Conceptus  dose  from  abdominal
X-ray  examinations
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Fetus  at  13  weeks:

Arm  and  leg  bones

begin  to  calcify.

**J. Damilakis et al, Invest Radiol 1996 ***J. Damilakis et al, Radiology 2010



Radiation  risk  for  fatal childhood  cancer :  6%  per Gy  (6%  per 1000 mGy) 

If  the  conceptus  dose  from  a  diagnostic  examination  is  10 mGy

the   risk  of  excess  childhood  fatal  cancer  is   0.06%  

Conceptus absolute radiogenic  risk



CT Screening



Cancer screening is becoming popular…..



Benefits  vs. risks

CT 
Screening

Benefit

Risk

Number of excess (radiogenic) cancers

Number of cancers detected



How  do  we estimate  risk  of radiation-induced

cancer  following  CT  for  screening?



Epidemiological  studies

• very long  term  patient  follow-up  due  to  the long latency for cancer development after exposure

It is not feasible to study the risk of radiogenic cancer from

screening CT scans directly



• very large number of  patients needed to perform statistical analysis

Size of a cohort which would be required to detect a significant increase 

in cancer mortality in that cohort, assuming lifetime follow-up.

Brenner et al, PNAS 100:13761-13766, 2003

Epidemiological  studies

It is not feasible to study the risk of radiogenic cancer from

screening CT scans directly



Accurate dosimetry + risk coefficients



LAR  of  cancer  incidence  (BEIR VII – Phase 2)



LAR  of  cancer  mortality  (BEIR VII – Phase 2)



CT exams that have been used 

for screening

• Lung cancer CT to screen smokers of particular ages

• CT virtual colonoscopy to screen for colorectal cancer

• Whole body CT for anything that can be found 

• CT coronary calcium scoring to screen for heart disease



Lung cancer screening

British Medical Journal 356:j347, 2017 



Italy: COSMOS Study, 5203 participants

• MDCT in heavy smokers (20+ pack-years of cigarette smoking) 

• age > 50 years 

• 5,203 subjects 

• Milan, 2004-2015 

• Annual LDCT for 10 consecutive years  

• Additional recalls for suspicious findings with LDCT and PET/CT

Cancer screening with LDCT







Benefit  vs.  Radiogenic risk



MEDIRAD  project 



MEDIRAD  project 



MEDIRAD  project 
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Siemens Sensation 64, AEC
80 kVp

y=1.754*exp(-0.0435*WED), R2=0.813

100 kVp
y=1.662*exp(-0.0375*WED), R2=0.781

120 kVp
y=1.649*exp(-0.0351*WED), R2=0.752
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Siemens Sensation 64, Fixed mA
  

 80 kVp
y=1.856*exp(-0.0375*WED), R2=0.834

 100 kVp
y=1.745*exp(-0.0319*WED), R2=0.788
  

 120 kVp
y=1.707*exp(-0.0293*WED), R2=0.771
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Thank  you !


