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Personalized CT protocols ? 

• Should we use the same CT protocol for 
 
– A 16-years old women of 40 kg 
 

 
 

– A 86-years old men of 96 kg 
 
 
 



Personalized CT protocols ? 

• Should we use the same CT protocol for 
 
– A 16-years old women of 40 kg 

• More sensitive to radiation 
• More time to develop a cancer 
• Less sensitive to iodinated contrast media 

– A 86-years old men of 96 kg 
• Less sensitive to radiation 
• Less time to develop a cancer 
• More sensitive to iodinated contrast media 

 
 



Weight 

40 kg 96 kg 

We need less energy to go through 40 kg than through 96 kg 
Do not use the same kVp 



Men vs Women 

• Try to decrease the irradiation to the 
breast 



Use more x-rays when you need 
them 

Increase the mA to go through the shoulders and the pelvis 



Dose concern ? 

• Could x-rays be responsible for cancer? 
 
– In the general population 

 
 
– In the medical community 



In the last 10 years, the use of CT scans has exploded. In 1980, 3 million CT 
scans were performed. The projection for 2011 is 72 million, nearly 20,000 
every day. 

March 17, 2011|By Cory Franklin 

Computed Tomography — An Increasing Source of Radiation Exposure. David J. Brenner, Ph.D., 
D.Sc., and Eric J. Hall, D.Phil., D.Sc. N Engl J Med 2007; 357:2277-2284 November 29, 2007 

http://www.nejm.org/toc/nejm/357/22/
http://www.nejm.org/toc/nejm/357/22/
http://www.nejm.org/toc/nejm/357/22/


In the scientific community 



Controversy 

• Based on 
 
– The majority of the model are based on 

Hiroshima/Nagasaki survivors 
– Could a nuclear blast be used to estimate 

the risk of cancer due to CT ?  



Radiation dose - Hiroshima 

Long-term Radiation-Related Health Effects in a Unique Human Population: Lessons Learned from the Atomic Bomb Survivors of 
Hiroshima and Nagasaki. Evan B. Douple, et al. Disaster Med Public Health Prep. 2011 March 

2km 

3 km 

Estimated radiation dose 
received in Switzerland by 
the  general population 

5-100 mSv 

Mettler FA, Jr., Huda W, Yoshizumi TT, Mahesh M. Effective doses in radiology and diagnostic nuclear medicine: a catalog. 
Radiology. 2008;248(1):254-63.  



Radiation in Switzerland - 2010 

1.6 – 3.2 mSv 

1.2 mSv 1.1 mSv 

< 0.1 mSv 

Total: 5.6 mSv  
Radioprotection et surveillance de la radioactivité en Suisse Résultats 2010 
 



Number of CT realized  … 

Projected Cancer Risks From Computed Tomographic Scans Performed in the United States in 2007 
Amy Berrington de Gonzalez. Arch Intern Med. 2009;169(22):2071-2077 

Radiation risks of medical imaging: separating fact from fantasy. 
Hendee WR, O'Connor MK. Radiology. 2012 Aug;264(2):312-21. 

Linear  
non-threshold  
model 



… and estimated number of cancer  

Projected Cancer Risks From Computed Tomographic Scans Performed in the United States in 2007 
Amy Berrington de Gonzalez. Arch Intern Med. 2009;169(22):2071-2077 



Could the CT dose be lowered? 

Mettler FA, Jr., Huda W, Yoshizumi TT, Mahesh M. Effective doses in radiology and diagnostic 
nuclear medicine: a catalog. Radiology. 2008;248(1):254-63.  



Chest CT with a X-ray dose 
close to a conventional Chest 

X-ray: 
 

Iterative reconstruction 



CT reconstructions 

Computed Tomography — An Increasing Source of Radiation Exposure. David J. Brenner, Ph.D., 
D.Sc., and Eric J. Hall, D.Phil., D.Sc. N Engl J Med 2007; 357:2277-2284 November 29, 2007 

http://www.nejm.org/toc/nejm/357/22/
http://www.nejm.org/toc/nejm/357/22/
http://www.nejm.org/toc/nejm/357/22/
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CT basic principle - II 

1 3 1 
1 3 1 
1 3 1 

1 1 1 
3 3 3 
1 1 1 

1 2 0 
2 1 2 
0 2 1 

(+) (+) 

3 6 2 
6 7 6 
2 6 3 

Apply a LUT: 7 = black 
  0 = white 2 6 2 

6 7 6 
2 6 2 



Iterative reconstruction 
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Effects of iterative reconstruction 
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Ultra-low dose CT 

Model based iterative 
reconstruction 



Dose reduction  
To assess image quality and diagnostic 

information of chest CT acquired with the dose 

of a conventional radiography, i.e. with a dose 

of 0.1-0.15 mSv 

Using classical filtered back projection and 
new iterative reconstruction 



FB
P 

FB
P 

590 days of irradiation 9 days of irradiation 

0.14 mSv 9 mSv 

FBP FBP 



0.14 mSv 

FBP 

9 mSv 

590 days of irradiation 9 days of irradiation 

MBIR 



PA and lateral Chest X-ray : 0.1 – 0.15 mSv 



C
or

on
al

 re
fo

rm
at

te
d 

C
T 

M
ea

n 
10

0m
m

 

C
or

on
al

 re
fo

rm
at

te
d 

C
T 

M
ea

n 
50

m
m

 

C
or

on
al

 re
fo

rm
at

te
d 

C
T 

M
ea

n 
10

m
m

 

C
or

on
al

 re
fo

rm
at

te
d 

C
T 

M
ea

n 
1m

m
 



A 

B 

C 

A 

B 

C 

Dose: 0.1 - 0.15 mSv 

 0.12 mSv 



Nodules detection 

Computed tomography of the chest with model-based iterative reconstruction using a radiation exposure similar to 
chest X-ray examination: preliminary observations.  Neroladaki A, Botsikas D, Boudabbous S, Becker CD, Montet 
X. Eur Radiol. 2013 Feb;23(2):360-6. 

Présentateur
Commentaires de présentation
Table 4 summarized the number of nodules seen on each reconstruction algorithm. There was no statistical difference between the numbers of nodules seen by reader nor between the different reconstruction algorithm. Based on the diagnostic CT, 28 nodules of 5.8 +/- 3.2 mm were depicted by reader one, 29 nodules of 5.9 +/- 2.6 mm were depicted by reader 2 and 29 nodules of 5.7 +/- 3.1 mm by reader 3. The interobserver agreement was almost perfect for the diagnostic CT and for the MBIR algorithm (kappa value of 0.815 for both), whereas it was substantial for FBP and ASIR-80 and moderate for ASIR-40. An example of nodules seen on diagnostic CT and on ULD CT is presented in Figure 2. The sensitivity of nodule detection on ULD-CT (as compared to diagnostic CT) was 100 %, for all readers.



Subtle anomalies 



 

 
           Estimated effective dose 
 
 

 

 Full dose -CT Low dose-CT Ultra-low dose-CT 

9.5 +/- 2.3 mSv 2.3+/- 0.7 mSv 0.13 +/- 0.006 mSv 

620 days of radiation 

150 days of irradiation 

5 days of irradiation 

Level of irradiation 

Présentateur
Commentaires de présentation
The dose length product associated with DCT and ULD CT was ..and… - significant decrease in dose with ULD CT close to conventional chest radiography at least when two projections were acquired



Ultra-low dose CT 

• Could we combine ultra-low dose chest 
CT with iodinated contrast media? 
 

A prospective study 
 



164 patients underwent CTPA on a GE 750HD scanner 
after injection of 60 ml iohexol 350 at 3.5 ml/s 

Standard dose CTPA 
(n=82) 

• 100 kV 
• 100-500 mA 
• 0.984:1 Pitch 
• 0.6s Gantry rotation time 
• 28 noise index 

• 64 x 0.625 detectors 
configuration 

Ultra-low dose CTPA 
(n=82) 

• 100 kV 
• 20 mA 
• 0.984:1 Pitch 
• 0.6s Gantry rotation time 
• -- 

• 64 x 0.625 detectors 
configuration 



Purpose: 
 

To compare image quality and radiation 
dose between CT pulmonary angiography 
(CTPA) reconstructed with filtered back 
projection (FBP) and ultra-low dose CTPA 
reconstructed with model-based iterative 
reconstruction (MBIR)   

Présentateur
Commentaires de présentation
As we know, the filtered back projection (FBP) algorithms of the 1980’s were used for image reconstruction.Adaptive statistical reconstruction ASIR takes the inital FBP image as a starting point and applies a mathematicl matching algorithm to create a computer generated «  best match » This is possible with the availabilit of increased computer processing power.The 40 and 100% describes the blending of ASIR and FBP in the sequence. MBIR uses a model based algorithm to generate these imaging sequences. The goal of the study was to compare these 3 algorithmswith respect to  dose reduction and image quality. effect on quantitative and qualitative image quality. 



Objective image analysis 

• ROIs were drawn in 
 
– 9 pulmonary vessels 
– 3 background noise 
– 2 muscle density 

SNR =             HUvessels 
                      background noise 
 
CNR = (HUvessels-HUmuscle) 
              background noise  

 

Présentateur
Commentaires de présentation
The study consisted of 200 consecutive patients undergoing routing contrast enhanced thoraco-abdominal CT in our institution. Consecutive dose reductions of 5% every 20 patients was employed. Contrast to noise ratio: measure of image quality. Signal from structure A – signal from structure B in the region of interest divided by alpha o the standard deviation for pure image noisl



• Patients demographics 

Standard dose Reduced dose  p 

Présentateur
Commentaires de présentation
This slide demonstrates the difference in qualitative image quality, with a smoother, less grainy, almost waxy appearance to the solid organs and muscular bundles on MBIR that was less marked on ASIR 100 and ASIR 40Generate a scale based on visibility of small structures (vessels, lymph nodes, adrenal glands) (radiology paper 2010, Singh)Warren christine 10.01.142, VEO ASIR 100 et ASIR 40



Standard dose 
CTPA 

Ultra-low dose 
CTPA 

20 days of irradiation 275 days of irradiation 

Effective dose (mSv) 0.31  ±  0.03 4.23    ±   0.96 

Présentateur
Commentaires de présentation
At the lowest doses the image quality was graded as non dianostic on ASIR but diagnostic on MBIR. Add 3x3 graphic demonstratinge MBIR, ASIR 100 ASIR 40 (3) at lowest dose and highest dose??



Routine FBP-CTPA 

Ultra-low dose CTPA 

BMI < 20 kg/m2 20 < BMI < 30 kg/m2 BMI > 30 kg/m2 

Présentateur
Commentaires de présentation
At the lowest doses the image quality was graded as non dianostic on ASIR but diagnostic on MBIR. Add 3x3 graphic demonstratinge MBIR, ASIR 100 ASIR 40 (3) at lowest dose and highest dose??



Organ dose associated with CTPA 



   Ultra-low dose     standard dose 

0.00085 mSv 

0.876 mSv 21.789 mSv 

0.0243 mSv 



Conclusion 

• CT protocols have to be tailored to your 
patient, i.e. personalized CT protocols 

 
• CT dose reduction is only possible with 

clear indications/questions  
– We may be able to image PE with a dose 

of 0.2 mSv 
– Whereas we may not be able to image 

interstitial pneumonia with this dose 
 

 



Thank you 

xavier.montet@hcuge.ch 
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