
radioprotection du patient en radiologie diagnostique 
et interventionnelle;  quelques réflexions médicales  

1. un problème quotidien , très médiatisé…. une menace pour le 
métier  

le Quotidien 
du médecin  du 
1er  avril 2011 

"progression de 50% des doses 
reçues par les patients entre 2002 
et 2007" 
 
 
"le scanner est trop souvent préféré 
à l'IRM or un scanner corps entier 
peut délivrer en une seule fois 20 
mSv …" 
 
"un de nos soucis est d'obtenir un 
rééquilibrage du parc français entre 
scanners et IRM" 
 
"clairement il est actuellement plus 
glorieux d'inaugurer la mise en 
fonctionnement d'un scanner que 
celle d'un équipement d'IRM.." 
 
"en 2010 chaque français a reçu en 
moyenne 3,7 mSv dont 1,3 provenant 
d'examens médicaux (et 2,4 mSv 
d'irradiation naturelle) 





le Quotidien du médecin  du 4 avril 2011 











2. les faits objectifs . y-a-t-il des effets déterministes (liés à la dose) 
observés en pratique d'imagerie diagnostique et interventionnelle  

a. cas publiés en CT  
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2 coronarographies 
diagnostiques et une 
angioplastie  

après greffe de peau 

Dose à la peau estimée à 20 Gy 

b. cas observés en radiologie interventionnelle (neuroradiologique , 
cardiaque , coronaire , viscérale..)    

alopécie  ; dose reçue 5 Gy  



27 février 2009 3 mars 2009 

20 février 2009 : ablation de 
flutter par  radiofréquence sur 
l’isthme cavo-triscupidien 

Obs L Mertz Strasbourg  

Après drainage biliaire  
Traitement par lambeau cutané 



Autres exemples de 
radiolésions après radiologie 
interventionnelle ou chirurgie 
radioguidée   





3. irradiation et effets stochastiques ou aléatoires  (probabilistes) 

non liés à la dose  "effet "tout ou rien" , 
non discernables des pathologies 
"spontanées" analogues  
 
cancérogénèse et leucémogénèse 
mutations radio-induites et effets 
génétiques 
 
 
 
estimation du risque fondée sur le 
principe d'une relation dose/ effet  de 
type linéaire sans seuil pour les doses 
inférieures à 100 mSv  
 
principe de précaution , risque  
"accepté" comme contre partie de 
l'apport positif de l'utilisation 
diagnostique des radiations ionisantes  
 
 
 
à l'époque où cette  hypothèse a été faite , on ignorait totalement les 
mécanismes de défense :  capacités de réparation de l'ADN, apoptose  
capacités d'adaptation …. 



irradiation en pratique médicale  quotidienne  



Rapport IRSN/InVS 2007 

2 "coupables" désignés  
 
-le scanner  
 
-la radiologie interventionnelle   



abdo-pelvis : 30,3% des actes ; 42,2% de la dose 
thorax      : 20,8%             ; 20,9% 
tête et cou : 28,6%             ;  8,9%     



Risque de cancer radio-induit lié aux faibles doses de rayons X : 
•  établit par la conférence de consensus BEIR VII et la FDA 

•  mais reste très controversé 

BEIR VII, 2006 Smith Bindman, JAMA 2009 





Rad Passport 
 

Application pour calculer son risque de 
cancer radio-induit 
Disponible sur l’app store (2,39€) 



-le rationnel devrait 
prendre en compte 
l'histogramme de 
répartition des doses en 
fonction de l'âge , en 
particulier pour les risques 
génétiques , mais 
également pour les risques 
de cancérogénèse et 
leucémogénèse en fonction 
du temps d'induction   de 
ces pathologies comparé à 
l'espérance de vie des 
patients   
 
 
 



-ce qu'il n'est pas politiquement correct d'évoquer : 
l'hormése ou hormésis  
 
 
 L’hormèse (du grec hórmēsis, mouvement rapide 
d'impatience, du grec ancien hormáein, mettre en 
mouvement) désigne une réponse de stimulation des 
défenses biologiques, généralement favorable, à des 
expositions de faibles doses de toxines ou d'autres 
agents générateurs de stress. À cause de ce 
mécanisme, un agent polluant ou toxique peut avoir un 
effet opposé suivant que la dose reçue est faible ou 
forte. 
Par exemple, des souris irradiées par des fortes doses 
de rayonnement gamma ont un moindre risque de 
contracter un cancer  lorsqu'elles ont été 
précédemment soumises à de faibles doses de 
rayonnement.  On a pu observer un effet similaire de la 
dioxine  sur des rats.  
 
"c'est la dose qui fait le poison "  Paracelse  
 



Une étude récente sur les liquidateurs  qui sont intervenus après la Catastrophe de 
Tchernobyl  a montré que ceux qui avaient reçus environ 50 mSv présentaient un taux 
de cancer inférieur de 12% par rapport à la moyenne de la population  Russe.  
Néanmoins ces données sont difficiles à interpréter compte tenu de l'incertitude sur 
la dose de rayonnement reçue (dose évaluée et non pas mesurée individuellement), et 
compte tenu de la petite différence de niveau de vie, puisque les liquidateurs 
perçoivent une pension, qui augmente ainsi leur niveau de vie et leur capacité à se 
soigner 
 
 

quelques  éléments  factuels  "troublants "  

le risque à long terme de leucémie est réduit chez les survivants d'Hiroshima –
Nagasaki ayant reçu de faibles doses ( <150 mSv), par rapport à la population 
japonaise non exposée  

la durée de vie s'accroit de 3 mois par an  alors que l'irradiation médicale  en 
particulier par les examens scanographiques augmente  de façon tout aussi nette  

dans la région de Ramsar en Iran , la radioactivité naturelle s'élève à 480 mSv/an ;on 
n'y constate aucune augmentation de l'incidence des cancers ou des leucémies   

la radioactivité naturelle était obligatoirement beaucoup plus forte il ya des millions 
d'année ; elle a surement joué in rôle  bénéfique par les mutations induites dans 
l'évolution du monde vivant  



Les campagnes 
de 
sensibilisation 
des 
professionnels 
et du grand 
public aux 
risques 
radiques  
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Abaisser la dose en scanner viscéral .quelques bons principes   

Passer  de 140 à 100 kV : dose / 2  ! 
 
mais baisse des kV : 

 - augmentation du contraste 
 - augmentation du bruit 

 
La modulation du kV devrait être faite pour chaque patient en fonction du poids ! 
 
Le recours à un kilovoltage plus faible dépend des applications et des organes à explorer : 
 
- région à fort contraste propre (thorax et  sinus) : 140 kV et faible mAs 
- région à faible contraste propre (abdomen et pelvis) : préférer moduler  le  

 milliampérage (indice de bruit)  (abdomen à 120 kV) 

• Diminuer le kV en pathologie vasculaire : EP / aorte  MI 
 

Être vigilant pour utiliser constamment  les paramètres d'acquisition   les plus appropriés  

Utiliser le pitch le plus élevé possible si vous  ne sou haitez pas faire de reformations 
"haute-résolution" dans l'axe Z  ++++ en particulier pour les examens de suivi  



Modulation  automatisée du milliampérage 
 

-modulation automatique de la dose en fonction du morphotype du 
patient 
 
-adaptation du milliampérage tout au long de l’hélice 
dans les 3 plans x, y, z 
 
-réduction jusqu’à 60 à 70 % de la dose 
 
-présent chez tous les constructeurs: 

•  CareDose 4D (Siemens) 
•  Sure Expose 3D (Toshiba) 
•  SmartmA (GE) 
•  Dose Right (Philips) 



Overranging 
 

tour d’hélice supplémentaire à chaque 
extrémité de la zone explorée pour que 
l’ensemble des données soient acquises. 

Images acquises 

15 cm 
10 cm 

Zone explorée : 10cm
 

Collimation active 



Overranging 
 

D’autant plus important que : 
 
-nombre de canaux (largeur du détecteur)  

 important 
-faible longueur d’acquisition  
-pitch élevé 



Collimation active  
 

• Collimation de part et d’autre de l’hélice pour éviter irradiation inutile due à 
l’overranging 
• Ouverture et fermeture asymétrique du collimateur primaire au début et à la fin de 
chaque acquisition. 
 



SOMATOM Definition AS 
Bouclier RX Adaptatif 

Adapté à une radioprotection maximale 
Bouclier RX adaptatif 

Technologie conventionnelle 

Scan range Scan range 

Adaptive Dose Shield 

Alban Gervaise  



Rétroprojection filtrée (Filtered Back Projection : FBP) 
 

• Algorithme de reconstruction depuis les début du scanner (1970) 
• Simple, robuste et rapide … 
• Basé sur un modèle "idéal " du faisceau 
• Mais n’utilise pas toutes les informations  

•  taille réelle du foyer et des détecteurs 
•  Bruit 
•  Valeur des voxels adjacents 

Reconstructions itératives   vs    rétroprojection filtrée  

Raw-data 
Rétroprojection 
= «épandage» filtrage image 



Reconstructions itératives Reconstructions itératives : 
 
Principe basée sur une réduction importante du bruit de l’image 
Reconstruction à partir d’un algorithme itératif comparant les images avec un modèle de 
bruit 



Reconstructions itératives 

100 mA  
Sd = 16,99 

AIDR 

100 mA  
Sd = 29,70 

FBP 

300 mA  
Sd = 18,93 

FBP 

Adaptative iterative dose reduction 



350 mA, 100 kV 
FBP 

AIDR 

40 % de réduction du bruit 
amélioration du SNR / CNR 



FBP AIDR 

Étude sur 10 patients : 33 % de réduction de bruit (25-35 %) 

Sd 23,29 Sd 15,71 



www.toshiba-medical.eu 
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“Removes noise without any loss in detail, providing images 
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 Dr. Shawn Teague, Associate Professor of Clinical Radiology
 Radiology Department, Indiana University School of Medicine
 Indianapolis, IN, USA

Philips iDose image with 80% less dose.������
���������
�����
�

Our long-term vision is to enable routine 
sub-millisevert (mSv) scanning for every 
patient and every protocol, using the right 
dose for the right patient at the right time.

DoseWise tools are smart
iDose works in concert with other DoseWise 
��������������
����	�����	�	������������
�������
and Automatic Current Selection (ACS), 
which adapts tube current to patient size, and 
dose modulation tools such as Z-axis Dose 
Modulation (Z-DOM) and Dynamic Dose 
Modulation (D-DOM) to automatically adjust 
dose delivered to the patient, compensating 
for individual physiology and optimizing dose 
by anatomic region.

DoseWise tools
���	����	�
����	�������
��	��	�
���
distribution by individual patient.
NanoPanel�� 3D detectors provide ultra-high 
signal-to-noise ratio.
Eclipse collimator eliminates unnecessary ��
dose at the beginning and end of the exam.
ClearRay collimator reduces scatter.��

iDose is different
The iDose iterative reconstruction 
technique uses advanced 
reconstruction algorithms 
to enable equivalent diagnostic 
image quality at a fraction 
of the dose, overcoming the 
inherent challenges of low-dose 
scanning, such as noisy images 
and image artifacts.

“I prefer the sharpness of lung parenchyma on 
� ����
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��������
	�����

������	��
�����
��

 Dr. Shigeru Suzuki, Department of Radiology
 Teikyo University School of Medicine, Tokyo, Japan
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Brilliance 64-channel
Scan parameters (original)
50 mAs, effective dose 1.5 mSv, DLP 106.5 mGy*cm

Scan parameters (iDose)
iDose was applied to the original low dose image    

to minimize noise in the image.

Using AAPM report No. 96 conversion 

factor of 0.014

Images courtesy of C.H.R. Orleans

Abdomen and pelvis

Routine chest CT

“Good spatial detail with good reduction of noise. 
Natural appearance of images. Helps to enhance 
� �
���
�	��������������
�������������������������

 Dr. Takeshi Nakaura, Department of Radiology, Kumamoto University School of Medicine, 
 Kumamoto, Japan

Original FBP reconstruction

With iDose reconstruction

iDose reconstruction

Brilliance iCT SP 
Scan parameters (original)
30 mAs, effective dose 1.1 mSv, DLP 73 mGy*cm

iDose
Exam performed low dose levels to evaluate possible 

lesions. Image quality was improved when iDose was 

applied to the original low dose images. The iDose 

coronal image shows an ovarian cyst not well visualized 

on the original low dose scan.

Using AAPM report No. 96 conversion 

factor of 0.015

Images courtesy of University of Chicago

Original images with conventional reconstruction

 5

Brilliance 64-channel
Scan parameters (original)
50 mAs, effective dose 1.5 mSv, DLP 106.5 mGy*cm

Scan parameters (iDose)
iDose was applied to the original low dose image    

to minimize noise in the image.

Using AAPM report No. 96 conversion 

factor of 0.014

Images courtesy of C.H.R. Orleans

Abdomen and pelvis

Routine chest CT

“Good spatial detail with good reduction of noise. 
Natural appearance of images. Helps to enhance 
� �
���
�	��������������
�������������������������

 Dr. Takeshi Nakaura, Department of Radiology, Kumamoto University School of Medicine, 
 Kumamoto, Japan

Original FBP reconstruction

With iDose reconstruction

iDose reconstruction

Brilliance iCT SP 
Scan parameters (original)
30 mAs, effective dose 1.1 mSv, DLP 73 mGy*cm

iDose
Exam performed low dose levels to evaluate possible 

lesions. Image quality was improved when iDose was 

applied to the original low dose images. The iDose 

coronal image shows an ovarian cyst not well visualized 

on the original low dose scan.

Using AAPM report No. 96 conversion 

factor of 0.015

Images courtesy of University of Chicago

Original images with conventional reconstruction

 3

“Removes noise without any loss in detail, providing images 
������
����
���
�����
��
��
���
����

������	��
�����
���

 Dr. Shawn Teague, Associate Professor of Clinical Radiology
 Radiology Department, Indiana University School of Medicine
 Indianapolis, IN, USA

Philips iDose image with 80% less dose.������
���������
�����
�

Our long-term vision is to enable routine 
sub-millisevert (mSv) scanning for every 
patient and every protocol, using the right 
dose for the right patient at the right time.

DoseWise tools are smart
iDose works in concert with other DoseWise 
��������������
����	�����	�	������������
�������
and Automatic Current Selection (ACS), 
which adapts tube current to patient size, and 
dose modulation tools such as Z-axis Dose 
Modulation (Z-DOM) and Dynamic Dose 
Modulation (D-DOM) to automatically adjust 
dose delivered to the patient, compensating 
for individual physiology and optimizing dose 
by anatomic region.

DoseWise tools
���	����	�
����	�������
��	��	�
���
distribution by individual patient.
NanoPanel�� 3D detectors provide ultra-high 
signal-to-noise ratio.
Eclipse collimator eliminates unnecessary ��
dose at the beginning and end of the exam.
ClearRay collimator reduces scatter.��

iDose is different
The iDose iterative reconstruction 
technique uses advanced 
reconstruction algorithms 
to enable equivalent diagnostic 
image quality at a fraction 
of the dose, overcoming the 
inherent challenges of low-dose 
scanning, such as noisy images 
and image artifacts.

“I prefer the sharpness of lung parenchyma on 
� ����
�����
��������
	�����

������	��
�����
��

 Dr. Shigeru Suzuki, Department of Radiology
 Teikyo University School of Medicine, Tokyo, Japan

FBP 
iDose 

80 % de dose en moins 
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www.healthcare.philips.com 
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noise with decreased radiation dose. The pur-
pose of this study was to determine the fea-
sibility of adaptive statistical iterative recon-
struction for low-dose body CT through an 
evaluation of image noise, low-contrast res-
olution, image quality, and spatial resolution 
both in a phantom and in patients.

Materials and Methods
Study Design

All examinations were performed on a 64-MDCT 
scanner (CT750 HD, GE Healthcare). This retro-
spective HIPAA-compliant study was approved by 
the institutional review board of our institution.

Adaptive Statistical Iterative Reconstruction
In computation with iterative reconstruction, 

the image has an initial condition of values, which 
are iteratively optimized according to the rules of 
the model. The FBP image is used for the initial 
condition in adaptive statistical iterative recon-
struction (the initial value of each pixel) for the 
following reasons: it is presumably close to the fi-
nal optimized solution (lessening the need for it-
erations); it is a valid indicator of specific-slice 
image noise; and it can be quickly obtained. For 
modeling and use of iterative reconstruction, min-
imum convergence is achievable with the adaptive 
statistical iterative reconstruction model (Fig. 1). 
A fully converged 100% adaptive statistical itera-
tive reconstruction image, however, tends to have 
a noise-free appearance with unusually homoge-
neous attenuation. Because some noise is inherent 
in CT, use of 100% adaptive statistical iterative re-
construction may not be immediately appealing to 
most radiologists. However, a linear mixture of the 

original FBP and the full adaptive statistical itera-
tive reconstruction images can result in a blended 
image with markedly decreased noise that retains 
a more typical CT appearance. This blended im-
age can be adjusted from 1% to 100% in adaptive 
statistical iterative reconstruction. A mathematic 
description of adaptive statistical iterative recon-
struction is shown in Appendix 1.

Phantom Study
The American College of Radiology (ACR) CT 

phantom (Gammex 464, Gammex) was scanned 
twice, once with the ACR reference values (www.
acr.org/accreditation/computed/ct_reqs.aspx) and 
then at one-half this value (12.5 mGy). Helical 
scanning was performed in the manner required 
for submission of images for scanner accreditation. 
Low-contrast resolution, high-contrast resolution, 
and uniformity modules were imaged, and these 
test objects were evaluated by CT physicists not 
blinded to scanning technique. Radiation dose and 
noise estimates were made in accordance with ACR 
protocol. Images were reconstructed with both FBP 
and multiple values of adaptive statistical iterative 
reconstruction ranging from 10% to 100%.

Patient Study
The study cohort consisted of 12 patients (seven 

men, five women; average age, 67.5 years; range, 
53–86 years) who consecutively underwent low-
dose CT and who had undergone routine-dose CT 
of the same region (abdomen or abdomen and pel-
vis) within an average of 10.1 months (range, 3 
days–5 years) before low-dose CT. The compari-
sons were matched for IV contrast enhancement 
and imaging phase. In six comparisons, only the 

abdomen had been imaged, and in six, only the ab-
domen and pelvis. Ten of the 12 comparisons had 
been performed with IV contrast enhancement 
(nine venous phase, one arterial phase). In the 
other two examinations, CT was unenhanced. For 
routine-dose CT, the peak kilovoltage had been 
140 kVp in eight examinations and 120 kVp in four. 
Seven of the CT examinations had been performed 
with dose modulation software with variable tube 
current at a slice thickness of 5 mm in two exami-
nations, 3.75 mm in five, and 3 mm in five exam-
inations. In most cases, 64-MDCT scanners had 
been used (three, VCT, GE Healthcare; six, Sen-
sation 64, Siemens Healthcare). The other three 
examinations were performed with a 16-MDCT 
scanner (Sensation 16, Siemens Healthcare).

Technique of Low-Dose CT With Adaptive 
Statistical Iterative Reconstruction

Low-dose CT was performed with the follow-
ing parameters: fixed noise index, 30.9; collima-
tion, 0.625 mm; reconstruction slice thickness, 
3.75 mm; tube potential, 120 kV; variable tube cur-
rent determined by x, y, z-axis dose modulation; 
gantry rotation time, 0.5 second. The CT dose was 
reduced through an increase in accepted noise in-
dex for the study from 22.1 to 30.9. With the dose 
modulation software of the scanner, the tube cur-
rent was automatically reduced to match the ac-
ceptable noise index. The dose varied with patient 
size; that is, larger patients needed a higher tube 
current for maintenance of the desired noise index 
than did thinner patients. All 12 low-dose CT ex-
aminations were reconstructed twice, once with 
FBP and once with 40% adaptive statistical itera-
tive reconstruction. The 40% level was chosen on 

A

Fig. 1—Production of adaptive statistical iterative reconstruction image.
A, Filtered back projection image obtained at 120 kVp and 300 mA at 12.5 mGy (half dose).
B, Image from 100% adaptive statistical iterative reconstruction generated through multiple iterations in accordance with rules of noise reduction model.
C, Linear combination of A and B produces blended image (50% adaptive statistical iterative reconstruction), which has less noise than filtered back projection image but 
without artifactual smoothing of 100% adaptive statistical iterative reconstruction image.

CBFBP 50 % ASIR 100 % ASIR 
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the basis of results of the phantom analysis, which 
indicated that 40% adaptive statistical iterative re-
construction should produce a diagnostically ac-
ceptable image with less noise than a full-dose 
FBP image.

Dose Comparison
Volume CT dose index (CTDI) and dose–length 

product (DLP) were compared for low-dose (n = 
12) and routine-dose (n = 12) CT examinations. 
For comparison of radiation doses, the patients 
were divided into three groups based on body 
mass index (BMI) (weight in kilograms divided by 
height squared in meters): greater than 25 (n = 3), 
20–24.9 (n = 6), and less than 20 (n = 3).

Quantitative Analysis
Two abdominal imaging fellows not involved 

in qualitative data analysis made quantitative 
noise measurements on a total of 36 data sets: 12 
low-dose CT without adaptive statistical iterative 
reconstruction, 12 low-dose CT with adaptive sta-
tistical iterative reconstruction, and 12 routine-
dose comparison CT. Noise measurements were 
made by recording the SD in an identically sized 
2,500-mm2 region of interest (ROI) placed 5 mm 
outside the anterior abdominal wall at the level of 
the umbilicus.

Qualitative Analysis
Qualitative image analysis was performed by 

two board-certified and fellowship-trained ab-
dominal radiologists with 8 and 10 years of CT 
experience. The 36 data sets were randomized and 
deidentified so the readers were unaware of the 
postprocessing algorithm and dose. Only the axial 
images were displayed on a PACS (Centricity ver-
sion 2.1, GE Healthcare). All data sets were dis-
played at soft-tissue settings (window, ~ 400 HU; 
level, ~ 40).

Image noise, image quality, low-contrast resolu-
tion, and spatial resolution were graded on a scale 
from 1 (best) to 4 (worst). A score of 1 meant that 
the image was better than expected at routine-dose 
CT, 2 meant the image was equivalent to that ex-
pected at routine-dose CT, 3 meant the image was 
worse than expected at routine-dose CT, and 4 
meant the image was nondiagnostic. The readers 
independently assessed image noise, image qual-
ity, and low-contrast resolution. Readers were in-
structed to assess low-contrast resolution by eval-
uating the conspicuity of the hepatic veins within 
the liver or solid organ cysts. Spatial resolution was 
assessed through consensus evaluation by grading 
of the sharpness of the hepatic or renal edges.

Results
Phantom Study

When adaptive statistical iterative recon-
struction was applied to the FBP image in 

10% increments, the result was a linear de-
crease in noise as measured with SD (Fig. 2). 
For full dose scanning, at 0% adaptive statis-
tical iterative reconstruction, the SD (noise) 
was 20. At 100% adaptive statistical iterative 
reconstruction, the noise was minimum (SD 
4), an approximately 75% reduction of noise 
from the original data. At approximately 
50% adaptive statistical iterative reconstruc-
tion, the noise was approximately one-half 
that of a full-dose FBP image.

When the phantom was scanned at 50% 
lower dose, the noise as measured with SD 
was 1.4 times greater (28.6 vs 20.4) with 0% 
adaptive statistical iterative reconstruction. At 
30% adaptive statistical iterative reconstruc-
tion, the noise was equivalent to that of a full-
dose FBP image, and further reductions in 
noise occurred as percentage adaptive statisti-
cal iterative reconstruction was increased. 

Comparison of low-contrast images 
showed comparable appearance of the ACR-
required 6-mm objects at both routine-dose 
CT with FBP and low-dose CT with adaptive 
statistical iterative reconstruction (Fig. 3).

Comparison of the high-contrast object 
(12 line pairs/cm) showed that adaptive sta-
tistical iterative reconstruction was compa-
rable with FBP in terms of spatial resolution 
and easily exceeded the spatial resolution re-
quirement of 6 line pairs/cm required for ac-
creditation (Fig. 4). 

Uniformity was maintained at low-dose CT 
with adaptive statistical iterative reconstruc-
tion (the maximum deviation between the cen-
tral ROI and peripheral ROIs was less than 
5 HU) and was within ACR specifications 
[6]. Uniformity measurements on routine-
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Fig. 2—Noise reduction in images reconstructed with adaptive statistical iterative reconstruction in phantom. 
Graph shows linear decrease in image noise (SD) as percentage adaptive statistical iterative reconstruction 
increases. Images acquired with 50% dose reduction (half dose) have 1.4 times SD value (28.57 compared with 
20.39) without adaptive statistical iterative reconstruction. Reconstructing images with 30% adaptive statistical 
iterative reconstruction for half-dose acquisitions produces images with noise nearly equivalent to that of full-
dose images without adaptive statistical iterative reconstruction (double arrow) (SD 20.52 compared with 20.39).

A

Fig. 3—Low-contrast objects of comparable quality.
A, Filtered back projection image obtained with 25-mGy routine body image protocol.
B, Adaptive statistical iterative reconstruction image obtained at 50% reduced dose (12.5 mGy).

B

Hara AK, AJR 2009 
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a group of patients with lesions to determine 
whether diagnostic confidence is affected. 
Future releases of adaptive statistical itera-
tive reconstruction software also may help to 
resolve this issue.

The degree of dose reduction was great-
est for patients with a lower BMI. In patients 
with a BMI less than 20, the average CTDI 
dose reduction was 64% compared with 35% 
for patients with a BMI greater than 25. That 
adaptive statistical iterative reconstruction 
allows dose reductions for smaller patients 
may help with pediatric imaging, which was 
not evaluated in this study. The idea of dose 
reduction in CT of even larger patients by use 
of adaptive statistical iterative reconstruction 
is encouraging because the number of obese 
patients in the United States continues to in-
crease [20].

These preliminary results may help to en-
courage more widespread use of low-dose CT 
protocols. In our practice, we have instituted 
use of low-dose CT with adaptive statistical 
iterative reconstruction for all body CT per-
formed on scanners with this reconstruction 
algorithm available. For our scanners that do 
not have adaptive statistical iterative recon-

struction capability, we have used these results 
to investigate ways to reduce our standard-
dose CT protocols, particularly in imaging of 
smaller patients. Studies in neurologic, mus-
culoskeletal, chest, and cardiac CT are ongo-
ing to determine whether low-dose protocols 
can be used in these areas.

Even more aggressive reductions in radi-
ation dose may be possible in the future. In 
effect, scanning may be performed at doses 
low enough to render images nearly nondiag-
nostic but with advanced iterative reconstruc-
tion techniques to return image quality to an 
acceptable level. Currently, the use of itera-
tive reconstruction at CT is limited by long 
reconstruction times. As hardware and soft-
ware improve, more complex iterative recon-
struction algorithms may be used clinically, 
resulting in even greater improvements in im-
age quality. Iterative reconstruction also may 
allow routine image reconstruction at thin-
ner slices. Currently, increased noise limits 
the evaluation of thin reconstructed images 
(< 2.5 mm) in abdominal imaging. With it-
erative reconstruction and adaptive statistical 
iterative reconstruction, whether or not radia-
tion dose is reduced, thinner reconstructions 

may become diagnostic, improving detection 
and characterization of lesions.

This initial evaluation had limitations. 
First, because of the retrospective nature of 
the study, the low-dose and routine-dose CT 
examinations did not have identical scan-
ning parameters. Changes in peak kilovolt-
age and slice thickness can affect noise and 
image quality. Results of prospective studies 
with similar imaging parameters will be help-
ful for confirming the initial results. Second, 
the small sample size had limited power, and 
prospective studies with larger samples are 
needed. In addition, for the purposes of this 
study, we chose an adaptive statistical itera-
tive reconstruction level of 40% because it ap-
proximated the levels in the phantom study. It 
is possible that higher levels of adaptive statis-
tical iterative reconstruction may improve re-
sults. Finally, we did not assess lesions spe-
cifically. It is possible that adaptive statistical 
iterative reconstruction may affect lesion con-
spicuity and detection, and this factor has to 
be assessed with future studies.

We conclude that low-dose body CT with 
adaptive statistical iterative reconstruction 
has quantitative and qualitative image noise 

Reader

Image Noise Low-Contrast Resolution Overall Image Quality Spatial Resolution

Low Dose

Routine 
Dose

Low Dose

Routine 
Dose

Low Dose

Routine 
Dose

Low Dose

Routine 
Dose

Non-
ASIR ASIR

Non-
ASIR ASIR

Non-
ASIR ASIR

Non-
ASIR ASIR

A 2.8 1.6 2.2 2.3 2.2 2.2 2.5 2.3 2.3 NA

B 2.8 1.6 2.3 2.5 2.0 2.1 3.0 2.2 1.9 NA

Averagea 2.8 1.6 2.2 2.4 2.1 2.1 2.8 2.2 2.1 2.6 2.5 1.9

Note—Values are qualitative grading scale: 1, better than routine-dose CT; 2, similar to routine-dose CT; 3, worse than routine-dose CT; 4, nondiagnostic. ASIR = low-dose 
CT with adaptive statistical iterative reconstruction, NA = not applicable.

aLow-dose CT with adaptive statistical iterative reconstruction was significantly better than routine-dose CT for image noise (p = 0.01). Low-dose CT with ASIR was 
significantly better than low-dose CT without ASIR for image noise, low-contrast resolution, and overall image quality (p < 0.01). Routine-dose CT was significantly better 
than low-dose CT with or without ASIR for spatial resolution (p ≤ 0.004).

A

Fig. 6—57-year-old woman with body mass index of 18.
A–C, Low-dose CT scan obtained at 120 kVp, 3.75-mm slice thickness, and CT dose index (CTDI) of 8 without adaptive statistical iterative reconstruction (A) has more 
image noise in liver than low-dose CT scan with adaptive statistical iterative reconstruction (B) and routine-dose CT scan (140 kVp; 3-mm slice thickness; CTDI, 22) (C). B 
and C have nearly identical image quality.

CB

FBP CTDI 8 ASIR CTDI 8 FBP CTDI 22 
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MBIR (GE) : Model Based Iterative Reconstruction 
 

En cours de développement 
Basé sur un modèle de faisceau plus proche de la réalité 
Très performant, 75 % de réduction de dose annoncée 
Mais 1h de calcul pour 600 images ! 

Reconstructions itératives à  venir  ! ! !  



120 kV, 75 mAs 

FBP MBIR 



Fleischmann, Eur Radiol 2011 



FBP 

IRIS 

40 % de bruit en moins 

www.medical.siemens.com 



140 kV, 120 mAs 

FBP IRIS 3 IRIS 5 

FBP IRIS 3 IRIS 5 

100 kV, 90 mAs 

Pontana F, Eur Radiol, 2011 



Traçabilité des doses 

avant de réduire les doses, il faut déjà les connaître ! 
 
technique de traçabilité et de gestion des alertes dosimétriques 







Merci de votre attention 

Au total 

 

abaisser les doses délivrées au cours des examens scanographiques  nécessite de 
nombreux progrès : 

.-.optimiser les indications des examens  : référentiels  "guide du bon usage des 
examens d'imagerie  ; renseignements  cliniques écrits "justifiants" à mentionner sur 
le CR …etc. 

 -optimiser la réalisation des examens : guide des bonnes pratiques , protocoles 
écrits , adaptés au morphotype  des patients , suivi des doses délivrées (à mentionner 
sur le CR) , formation initiale et continue des utilisateurs de radiations ionisantes  
pour l'imagerie diagnostique et interventionnelle  

-adaptation des matériels  et utilisation des techniques permettant la réduction des 
doses : régulations automatisées , reformations itératives  +++ 


