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Objectives


•  Describe the key facts and physics for different 
diagnostic imaging modalities


•  Understand their imaging capabilities

•  Describe differences in risk for different types of 

diagnostic tests

•  Understand the principle of justification

•  Consider a diagnostic paradigm for imaging

•  Appreciate the importance of collaboration/

communication between referrer, radiologist, patient 
and family.




So Why do I need to chose?


•  Not all tests are free of risk.


•  Ionising Radiation


•  MRI contraindications and safety
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5: Interaction of radiation with matter


X Ray penetration and attenuation in human tissues


Attenuation of an X Ray beam:

• air: 

 
negligible

•  lungs: 
weak due to density

• bone: 
significant due to relatively high 



density (atom mass number of Ca)


•  soft tissue (e.g. muscle,.. ): similar to water

•  fat tissue: 
less than water 




Ionisation


      Neutral Atom                     
Positive Ion +


electron 
Photon or 
particle 



Radiation Damage


•  Free radicals diffuse to 
damage critical targets 


• More likely to occur due 
to water in cells


• High energy radiation 
hits critical targets in 
cells
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Radiation Damage - summary


• Radiation Exposure


•  Ionisation


• Free Radicals (Chemical Change) 


• Molecular Changes (DNA – trigger)


• Biological Effects




Somatic & Genetic Effects


Somatic Genetic 



Deterministic & Stochastic Effects


• Deterministic effects are those which, 
above a certain threshold, will happen.


•  E.g. erythema, cataracts


•  Stochastic effects are those which may 
happen, i.e. are based on probability


•  A single photon could cause a mutation






Effective Dose from typical Exams


10 F-18 FDG PET-CT scan Nuclear Medicine 
3 Tc-99m Bone scan Nuclear Medicine 

14 CT abdomen/pelvis CT 
2 Head CT 
3 Barium meal Complex x-ray 

1.5 Lumbar spine Simple x-ray 
1 Abdomen or pelvis Simple x-ray 

0.05 Skull Simple x-ray 
0.02 Chest Simple x-ray 

Effective Dose 
(mSv) 

Examination Category 

Remember: Background radiation in Qatar is 2.5-3 mSv per annum


At	
  Sidra:	
  
CT	
  head	
  =	
  1.4mSv	
  
CT	
  CAP	
  =	
  7mSv	
  
CT	
  c-­‐spine	
  =	
  4mSv	
  



Risk Factors for typical Exams


Examination Effective Dose 
(mSv) 

Deaths     
(fatal cancer) 

X-ray of pelvis 1 1 in 20000 

CT Head 2 2 in 20000 

Tc-99m bone 
scan 

3 3 in 20000 
 

FDG PET/CT 
scan 

10 10 in 20000 



Risk of Death


•  Smoking 150 cigarettes

•  smoking 20 cigarettes a day for 20 years, a 

total of 150,000, gives a 1 in 10 chance of dying


•  Travelling 25,000 miles by passenger 
aircraft


•  10 transatlantic journeys give a 1 in 5,000 
chance of dying through crashing, fire etc


•  Whole body exposure to 2 mSv of ionising 
radiation


•   1 in 10,000 




Quick	
  facts-­‐	
  General	
  X-­‐ray	
  and	
  CT	
  

•  General X-ray is used for projection images 

•  CT is used for slices through the patient’s 

body

•  General X-ray and CT are widely used 

because they are  fast (e.g. single breath CT) 
and have high resolution.


•  General X-ray and CT expose the patient to 
radiation.


•  Radiation risk is cumulative so careful 
consideration needs to be given to pediatric 
and pregnant patients




•  4 densities

•  Bone

•  Soft tissue

•  Fat

•  Air

•  [Contrast]

•  [Metal]


CT






CT Reformatting




Risk vs. Benefit


•  Radiation clearly has damaging properties


•  Why use it at all?


•  Excellent imaging capabilities.


•  More harm may come from not obtaining the information (diagnosis) than 
the radiation dose itself


•  ALARA Principle: As Low As Reasonably Achievable


•  Industry Challenge: reducing dose but maintaining imaging quality


•  What other options are there?






Quick	
  facts-­‐	
  ultrasound	
  

•  Ultrasound uses high frequency sound waves.

•  Ultrasound can be brought to the patients’ bedside 

(POCUS).

•  Ultrasound offers real-time imaging in multiple 

variations/planes.

•  Ultrasound does not expose the patient to any 

radiation.

•  Ultrasound field-of-view is usually smaller than other 

imaging techniques.  Ultrasound is also constrained 
by not being able to image through bone or gasses.


•  Obese patients are poor ultrasound candidates






Quick	
  facts-­‐	
  MRI	
  

•  MRI uses a magnetic field and radio waves to generate 
images of the inside of the body.


•  MRI requires the patient to be extremely still for long periods 
of time in order to obtain the images (Sedation / GA)


•  MRI images can be viewed with multiple variations/planes.

•  MRI does not expose the patient to any radiation.

•  Some patients are not candidates for MRI, such as those 

with pacemakers or metal implants, some pregnant 
women (1st trimester), or people unable to remain still for 
long periods of time. 




HYDROGEN PROTONS  

OF WATER






MRI	
  risks	
  

•  Implants may be displaced or malfunction in the environment of the 
MRI scanner (strong magnetic field)


•  In some cases patients may suffer burns because of the RF fields

•  Long studies- claustrophobic environment




MRI Safety




Quick	
  facts-­‐	
  Molecular	
  Imaging	
  (NM	
  and	
  PET)	
  

•  Molecular Imaging involves the introduction of a 
radiotracer into the body of the patient (usually 
injection) 


•  The signal of the radiotracer is detected and used to 
create an image 


•  Molecular imaging exposes the patient to ionizing 
radiation.


•  Molecular imaging exams can take very long and the 
resolution may not be as high as in other techniques.




Imaging Pearls


•  X RAY 
 
Bone detail. Limited Soft tissue


•  CT 
 
 
Bone and Soft Tissue


•  MRI 
 
 
Soft Tissue and Bone


•  US 
 
 
Soft Tissue in range of probe. 


So consider what anatomical structure you are interested in. 




JustiBication	
  of	
  medical	
  imaging


•  Do I need it?

•  Do I need it now?

•  Is this the best examination?

•  Have I explained the problem (to the 

radiological practitioner and patient/family)

•  Are too many investigations being performed?




JustiBication	
  of	
  medical	
  imaging	
  

The Principle of justification:

•  Examination for an individual patient should be 

justified

•  Responsibility lies jointly with the referring medical 

practitioner and the radiological practitioner

•  Consultation between the radiological practitioner 

and the referring medical practitioner unless it is part 
of an approved health screening program (e.g. breast 
screening)




Over-­‐investigating	
  

Potential reasons for over-investigation:

•  Patient wishes. 

•  Financial. 

•  Defensive medicine.

•  Role of media. 

•  Role of industry. 

•  Convenience. 




Decision Tools


•  KISS principle:   



 
 
 
KEEP



 
 
 
IT



 
 
 
SIMPLE



 
 
 
SAFE


+




Decision Tools: The 8 “C” Imaging Cycle
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Decision	
  Tools:	
  	
  	
  	
  Referral	
  guidelines	
  

•  Help referrer determine the most appropriate imaging investigation or 
intervention


•  Provide practical guidance based on best available evidence

•  Examples (all available as apps):


•  ACR appropriateness criteria (USA)

•  iRefer (UK)

•  Diagnostic Imaging pathways (Australia)


ACR




Decision	
  Tools:	
  	
  	
  	
  Consumer	
  information	
  for	
  patient/family	
  

•  Help referrer explain the chosen test to the patient or family

•  Provide practical information to the patient/family as to what the test 

involves

•  Help allay concerns of safety and possible patient discomfort from 

the imaging test

•  Examples (all available as apps):


•  InsideRadiology: RANZCR Australia

•  RadiologyInfo.org: ACR




Headaches




VP shunt malfunction




Non Accidental Injury




Painful back.


XR


CT


MRI




Scoliosis


•  EOS Imaging. 10 x reduction in dose c.f Plain xray

   (1 mSv v. 0.08 mSv EOS)




Trauma


•  Trauma patients have significantly higher exposure to radiation

•  Upto 18 mSV *


•  Abdominal trauma: Ultrasound should be the “default” way of practicing, especially in 
children


•  Point of Care US:  FAST scans


*Baker KS et al.  Evaluation of radiation dose among patients admitted through a university hospital emergency department. 
Emerg Radiol. 2012 Dec;19(6):505-12. 




Blunt, low-energy abdominal trauma


•  Contrast enhanced ultrasound




Neck trauma


•  Plain film radiography highly sensitive for 
detection of injury in children


•  Flex-ext views best to document instability




Occult fractures


•  Non visualisation of fracture on X ray

•  Option 1. Immobilise for pain relief and repeat X ray in 

10 days

•  Option 2. Further investigation: MRI

•  MRI is definitive for diagnosis of scaphoid fractures

•  3T is superior to 1.5T

•  Complications better seen

•  Other fractures identified




Appendicitis?


0 %


CT
 MRI


US




Summary


•  Any Ionizing radiation has the potential to damage DNA

•  Where possible, default to non-ionizing forms of imaging:


•  Ultrasound

•  MRI


•  KISS principle

•  Imaging cycle: 


•  Choose best modality optimal for the region of clinical concern

•  Communicate with Radiology, patient and parents


•  Not sure? Phone your friendly Radiology department!






Radiation doses and Effects


Death within 2 days @ 50 Sv (CNS radiation sickness)




100 Sv 
 
10 Sv 
 
1 Sv 
 
100 mSv 
 
10 mSv 
 
1 mSv 
 
100 µSv 
 
10 µSv 

Ten million 

One 

Thousand 

Million 50% fatalities in 60 days @ 4 Sv (Damage to lens of eye; 
GI radiation sickness; skin burns; bone marrow 
radiation sickness) 

 

Barium Enema: 8 mSv 
Average annual background: 2.5 mSv 
 UK-US return flight; chest x-ray: 20 µSv 

 

Annual Dose limit to worker: 20 mSv 
 

Temporary blood count depression 
Temporary sterility 
 
 





Case courtesy of A.Prof Frank Gaillard, Radiopaedia.org, rID: 10678


•  CT first

•  Then MRI, depending upon the differential 

diagnosis

•  Not much role for Ultrasound acutely




An actual subject from our study showing the full dose, 50% dose, 25% dose, and 10% dose 
using sinogram-affirmed iterative reconstruction and filtered back-projection reconstructions. 

S. Gabriel et al. AJNR Am J Neuroradiol 2014;35:2237-2242 

©2014 by American Society of Neuroradiology 



Instability


•  Flex-ex views best to document instability

•  False positives with MRI




Low dose CT


•  The corresponding estimated effective dose was reduced from 1.8 to roughly 0.18 mSv, 
•  Negligible relative to the annual background radiation in the United States from naturally 

occurring sources (mean, 3.0 mSv; range, 1–10 mSv) 
•  Improved location of VP shunt tip 

Image source - http://www.two-views.com/article_ct_vs_mri.html



