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Patient dose in CT 

2017, CT exams per 1 000 inhabitants  

OECD (2018), Computed tomography (CT) exams (indicator). doi: 10.1787/3c994537-en  
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European Commission - Radiation Protection N. 180, Medical Radiation Exposure of the European Population, 2014 

Patient dose in CT 

Dose Datamed 2 (DDM2)  

Relative frequencies as a percentage of the overall total frequency of all x-ray 
examinations, except plain radiography 



Patient dose in CT 

Average values of typical effective doses (mSv) obtained in DDM2, compared with the 
early data from 10 European Countries and UNSCEAR HCL1 countries 

Dose Datamed 2 (DDM2)  

European Commission - Radiation Protection N. 180, Medical Radiation Exposure of the European Population, 2014 



CT dose reduction devices 

Among other factors, tube current modulation and iterative algorithms could 

allow a dose reduction of about 60 %, but the exact dose saving depended 

strongly on the parameter choice of the user.  

All the CT scanner companies have developed in the last ten years 
several devices and techniques for dose reduction. 

Dose reduction in CT is a major target for all professionals in 
every diagnostic department 

Estimated Reduction in Dose by using various approaches to MDCT system, 64-detector row, in abdomen 
and pelvis. Each successive dose-reduction approach is applied to the previous dose estimate. 



Dose reduction in CT with new dedicated devices 

In the past dose reduction was achieved by straightforward modification of exposure parameters 

But now it is «a must» to know the functioning of other parameters of dedicated devices 
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The modulation of tube current is based on a choice of an acceptable 
level of noise on the final image, which should be specifically defined 
for each different diagnostic objective. 
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Iterative CT algorithms: advantages 

 Noise reduction with resolution maintenance (in some cases better)  

 Reduction of artifacts associated with traditional filtered back projection 

    (FBP) methods 

 Possibility of dose reduction with various strategies (reducing the beam 

     intensity with lower tube current, reducing the number of projections,…) 

 Possibility of using small focus and reduced  kV even on large patients 

Beister et al 2012 

Iterative reconstruction methods in CT were implemented in the last ten 

years with several potential benefits: 

Filtered back projection                 Iterative Reconstruction 



Multislice CT can be used to diagnose various abnormalities of the aorta, 
such as aortic aneurysms, aortic dissection, traumatic aortic transection, 
and congenital malformations.  
 

CT aorta examination optimization: an Italian experience 

Litmanovich et al. (2009) 

Due to the multiple scan performed for each CT aorta 
examination (basal, contrast and late phase) and to the 
need of thin slices with acceptable noise, patient dose can 
reach tens of mSv for each exam. 



 

The aim of this study is to optimize an aorta angiographic CT protocol, by 
investigation of the best combination of tube current modulation, iterative 
algorithm strength and kV reduction for patients of different sizes. 

CT aorta examination optimization: an Italian experience 



Rampado et al. 2016 - After the adoption of optimised protocol: 
                                                      100 kV for small sized  patient     a dose reduction of  47% , CTDI of  2.7 mGy 
                      100 kV for medium sized patient a dose reduction of  47% , CTDI of  5.9 mGy    
                                 120 kV for large  sized  patient    a dose reduction of   49% , CTDI of  10.1 mGy         

CT aorta examination optimization: an Italian experience 

Main results of published optimisation 
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CT aorta examination optimization: an Italian experience 

To our knowledge, this is the first phantom study for CT angiography that 
has considered the complex interplay between: 
 

     - different phantom sizes, - kV reduction,- tube current modulation  
                   - iterative algorithms,  
          with objective and subjective image quality evaluations. 

Main results of published optimisation 



Following the introduction of the new protocol… 

Abdominal aortic aneurysm 

After implementing the optimized protocol, 
20 patients were identified who performed 
a CT before optimization to compare the 
images acquired with the two modalities.  

Before After 

ROI noise difference 

< 20% in 70% of cases 

Subjective evaluation of image quality was good in all cases, even with a reduction 
of dose near to 50% 



When different dose reduction parameters are available, 
anthropomorphic phantoms of different sizes help to find the optimal 
combination.  
 
For aorta studies, 100 kV with relative high values of noise indexes 
and iterative levels provides the best balance between dose reduction 
and image quality, the approach used with multiple anthropomorphic 
phantoms allowed to investigate dose reduction possibilities for 
different sized patients.  
 
An optimized protocol was established, with a dose reduction of 47 % 
from the previous protocol.  
 
This result was possible after the definition of a “best equilibrium” 
between different dose reduction possibilities based on kV choice, 
noise index and iterative post processing level. 

Following the introduction of the new protocol… 



Staff training ... 

TECHNICAL PARAMETERS AND SYSTEMS FOR THE REDUCTION OF DOSE  



ALARA experience from CT aorta examination 

The implementation of the ALARA principle in modern CT equipment 
with dose reduction devices is  rather complex  and it should be set 
up with phantom measurements and visual assessments by 
radiologists  or model  observers 

 
 It is important to know the basic principles of the used iterative 

algorithm and to consider the physical characterizations with the 
proper figures of merit (Receiver operating characteristic studies, 
Task Transfer function, Noise power spectrum) 

 
Different CT technologies (with different cost) allow to reach 

different patient dose levels. 
 

Staff training and cooperation are a key element for ALARA in 
modern imaging diagnostics 



http://www.quotidianosanita.it/lettere-al-direttore/articolo.php?articolo_id=44714 
 

…… 
…… 

“In hospitals, 
standard, optimized 
and uniform 
protocols are used 
throughout the 
country for optimal 
use of radiological 
equipment “. 

The various 
professionals 
involved (. . . )  
share objectives  
and methods, to 
guarantee the 
assisted person the 
best imaging or 
treatment response 
limiting the health 
detriment deriving 
from exposure 
(ALARA principle) 
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“The war of the doses” 

Dose reduction has become an element of 
strong competition among CT manufacturers 
in recent years. 
 

GE Clarity 



GE Clarity 

“The war of the doses” 

Dose reduction has become an element of 
strong competition among CT manufacturers 
in recent years. 
 Philips iDose white paper 





 

To what extent should the potential dose reduction be reflected in the 
evaluation of the renewal of the health company’s fleet and of the 
budget needed for new devices ? 
 

The question "how low can we go" often occurs in publications.  
 

It is important to keep in mind that the main objective of a CT 
examination remains the correct and accurate diagnosis, which is 
carried out by operators often with different levels of experience and 
preparation within the same team. Therefore, it is important to always 
guarantee a level of image quality that guarantees the right level of 
reliability for all radiologists appointed to report. It is important to 
follow low-dose protocols, that are always robust enough to give full 
evidence of all the diagnostic details for each question. 

Practical management of different technological levels 



2017 

ISS, Istituto Superiore Sanità 

L’ottimizzazione della protezione del paziente 

in radiologia diagnostica, medicina nucleare 

diagnostica o procedure interventistiche guidate 

da immagini a raggi X richiede l’applicazione di 

protocolli specifici personalizzati per l’età e la 

corporatura del paziente, la regione anatomica 

interessata e l’indicazione clinica al fine di 

garantire che la dose al paziente sia al livello 

più basso ragionevolmente ottenibile (As Low 

As Reasonable Achievable, ALARA). 
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Practical management of different technological levels 

The introduction of iterative reconstruction algorithms for better dose 
optimisation in children 



Practical management of different technological levels 

A choice towards reasonableness ! 

The introduction of iterative reconstruction algorithms for better dose 
optimisation in children 



What is 'reasonable' changes with time. 
 
What is reasonable today depends on the most current technology 
available, that will gradually give us even more advanced devices 
and perhaps at lower costs. 
 
The ethical and societal aspects help us in our choices  
(our professionals, patient, families of patients, . . .).  
 

What is reasonable or not is related to our feeling and evaluation of 
today options, and is linked to the circumstances such as the type 
of health case, the need to have info on health, the patient's 
criticality and the our will to act in the appropriate way. 

What is ‘reasonable’ 



 

Thanks for your 
attention 
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