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Introdução 

•  A TC é um valioso método diagnóstico 
radiológico 

•  O exame TC pode expor o paciente a uma 
dose elevada de exposição à radiação, 
causando risco acrescido 



Introdução 

•  Uma das possíveis soluções para a redução da dose 
é o uso de técnicas de reconstrução iterativa (IR) em 
vez das reconstruções tradicionais (FBP) 

•  Com base nas suas capacidades de redução de 
ruído na imagem, a IR pode ter o potencial de reduzir 
significativamente a dose em pacientes submetidos a 
TC sem prejudicar a qualidade de imagem 



Introdução 

•  Manter a qualidade de imagem clínica com 
um nível de qualidade aceitável e expondo o 
paciente à menor dose possível 



Sumário 

1.  Utilização de radiação para fins médicos 
(contributo da tomografia computorizada - TC) 

2.  A reconstrução iterativa em TC 
3.  Potencial para redução da dose em TC com 

reconstrução iterativa 



Procedimentos radiológicos 

•  Aumento do número de procedimentos radiológicos 
a nível global 

•  Aumento da exposição total anual de radiação para 
fins médicos – em particular TC 



Evolução do número anual de exames radiológicos para 
diagnóstico (global) 
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Procedimentos radiológicos (EUA) 

74% 

26% 

11% 
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Imaging procedures (%) Yearly exposure to radiation (%) 
Food and Drug Administration (2010) Initiative to Reduce Unnecessary Radiation Exposure from Medical Imaging. 
US FDA Center for Devices and Radiological Health. Available at www.fda.gov/MedicalDevices/default.htm  



Medical Radiation 
Exposure of the 
European Population 

 
EUROPEAN COMMISSION (2015) Medical 
Radiation Exposure of the European 
Population. Radiation Protection nº 180, 
disponível em 
https://ec.europa.eu/energy/sites/ener/files/
documents/RP180web.pdf 
 
“This report provides comprehensive 
information on 36 European countries 
regarding frequencies and radiation 
dose of x-ray and nuclear medicine 
radiodiagnostic procedures. The 
information presented in the report is 
based on national surveys carried out 
between 2007 and 2010. The final 
results are presented as annual 
effective dose per caput in the 
participating European countries, 
which has been calculated to be about 
1.1 mSv for all medical imaging.  
(…) 
The report also shows that the 
radiation dose from medical imaging 
varies hugely among the different 
European countries and that there is a 
trend upwards in many countries.” 
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Medical Radiation Exposure of the European Population 
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Figure 5.11. Per caput effective doses for different countries. The relative contributions of 
the four main groups (plain radiography, fluoroscopy, computed tomography and 
interventional radiology) are also shown (for more details on relative contributions, see Table 
5.22). For EL, data for the contributions of fluoroscopy and IR were not available.  

 
Figure 5.12. The distribution of the correction factors between the 6 countries. For the two 
values less than 1,0, see the explanation on page 38. 
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Figure 5.13. The relative collective effective doses (% of the collective effective dose of all x-
ray examinations), for the main groups of plain radiography, fluoroscopy, CT and IR. For EL, 
data for fluoroscopy and IR were not available. 

 
Figure 5.14. Relative contributions of the four main groups to the overall collective effective 
dose in Group 1 countries (EU Member States + CH, IS, NO). 
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Exposição à radiação para 
diagnóstico 

•  Estudos revelam existir diferenças importantes nas 
práticas radiológicas nos diversos Países com impacto na 
dose efetiva recebida pela população 

•  As variações encontradas podem ser atribuídas a diversos 
factores, designadamente os relacionados com a 
tecnologia em si, ou a escolha da técnica radiológica que 
pode variar entre instituições ou mesmo entre profissionais  



Optimização e segurança 
•  O uso optimizado das radiações para fins de diagnóstico radiológico 

envolve a conjugação entre três aspectos inerentes ao processo 
radiológico: 
–  (i) a escolha da técnica radiológica 
–  (ii) a dose de radiação que o paciente recebe 
–  (iii) a qualidade do diagnóstico traduzida na imagem radiográfica 

•  Estes três aspectos são determinantes para a qualidade diagnóstica 
das imagens radiológicas e dependem exclusivamente das opções 
tomadas na realização dos exames 

 EUROPEAN COMMISSION (2002) Optimisation of Protection in the Medical Uses of Radiation. EURATOM, EUR 
19793 disponível em http://europa.eu.int/comm/research/energy/pdf/meduse_1.pdf 
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Evolução da TC 

Cortesia: 
Siemens Healthcare Portugal 



2014 – TC-CE de perfusão 
com mapa de côr 

1971: primeira TC diagnóstica: 
Atkinson Morley's Hospital 



Reconstrução da imagem em TC 

•  No processo de reconstrução da imagem TC, os dados 
de atenuação de um grande número de projeções 
(domínio da projeção – espaço do raw data) é 
matematicamente processada para criar uma imagem 
do volume examinado (domínio da imagem – espaço 
da imagem) 



Reconstrução da imagem em TC 
•  A retro-projeção filtrada (FBP) é o método estabelecido, 

resultante de um procedimento matemático rápido 
•  Antes da reconstrução, os dados são filtrados para 

alcançar o equilíbrio adequado entre a resolução espacial e 
o ruído 

raw data 

Retroprojeção filtrada (FBP) 



Reconstrução da imagem em TC 

•  As limitações da FBP são reveladas em aquisições de 
baixa dose de radiação, onde a qualidade da imagem 
pode ser comprometida por elevados níveis de ruído e 
de artefactos 

•  Nos últimos anos, essas limitações foram contornadas 
com a introdução de métodos de reconstrução iterativa 
(IR) 



FBP 
•  A FBP convencional está 

associada a imagens com 
maior ruído e artefactos de 
imagem em exposições de 
baixa dose 

•  Baseia-se em alguns 
pressupostos matemáticos do 
sistema de CT 

•  Ignora as principais 
informações estatísticas dos 
fotões de raios-X, como a 
distribuição de Poisson  

IR 
•  As técnicas de IR, como o 

nome sugere, produzem 
repetidas iterações na 
reconstrução de imagens para 
melhor estimar os 
pressupostos matemáticos e 
gerar imagens com menor 
ruído 

•  Estas iterações a partir do raw 
data, requerem mais tempo 
computacional e 
computadores mais robustos 

 



Reconstrução da imagem em TC 

•  Os algoritmos de reconstrução iterativa constituem o 
mais recente avanço na TC e traduzem-se em dois 
modelos básicos 
–  Statistical iterative optimization, com base em estatísticas de 

fotões, assumindo o sistema ideal 
–  Model-based iterative optimization, que, adicionalmente, tenta 

modelar o sistema e o processo de aquisição 



Reconstrução da imagem em TC 

•  Estes algoritmos executam a optimização iterativa da imagem, 
não só no espaço da imagem, mas também no espaço do raw 
data 

•  A optimização de dados no espaço do raw data reduz o nível do 
ruído e artefactos para o espaço da imagem 

•  Como resultado, os algoritmos de IR podem lidar melhor com 
baixos níveis de sinal em aquisições de baixa dose 

•  A IR terá o potencial para substituir a FBP convencional 



Diferentes abordagens na IR 
Fabricante	 Técnicas de IR	  	

GE Healthcare	
ASIR	 Adaptive Statistical Iterative Reconstruction	

MBIR ou Veo	 Model-Based Iterative Reconstruction	

Siemens Healthcare	

IRIS	 Iterative Reconstruction in Image Space	

SAFIRE	 Sinogram-Affirmed Iterative Reconstruction	

ADMIRE	 Advanced Model-Based Iterative Reconstruction	

Philips Healthcare	
IMR	 Iterative Model Reconstruction	

iDose	 iDose	

Toshiba	 AIDR	 Adaptive Iterative Dose Reduction	



Espaço da  
imagem 

(67,169): 3

Espaço do 
Raw Data 

 
 
 
 
 

Remoção 
de artefactos 

O número de 
iterações é 
definido de 
acordo com o 
modo de 
aquisição 

Cortesia: 
Siemens Healthcare Portugal 



Cortesia: 
Siemens Healthcare Portugal 

IR (SAFIRE) •  Múltiplas iterações são efetuadas 
no espaço do raw data: correção 
de imperfeições geométricas e 
outros artefactos 

•  Reconstrução da imagem a partir 
do raw data "corrigido" 

•  Múltiplas iterações são realizadas 
no espaço da imagem: remoção 
do ruído para uma excelente 
qualidade de imagem final 
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•  Estudo com componente experimental e 

prospectiva, realizado em fantoma com 
variação nos mAs (25 a 550) e em 15 
pacientes 

•  A técnica AIDR (Adaptive Iterative Dose 
Reduction) reduz o ruído de imagem e 
pode, potencialmente, reduzir a dose 
em 52% na coluna lombar (Gervaise, 
2012) 

Tomografia 
Computorizada 
2015 e 2014 papers mais citados 
 



•  Estudo prospectivo, com amostra de 100 
pacientes submetidos a TC 64 cortes, com 
dose de referencia e baixa dose  

•  A qualidade diagnóstica no tórax é aceitável 
nas imagens adquiridas com cerca de 80% 
de redução da radiação com técnica de 
MBIR (model-based iterative reconstruction) 
(Katsura, 2012) 

Tomografia 
Computorizada 
2015 e 2014 papers mais citados 
 



•  65 pacientes foram submetidos prospectivamente  
a TC das coronárias e angiografia coronária 

•  Reconstruções FBP feitas a partir de aquisições 
com dose de referência; reconstruções IR feitas 
com metade da dose 

•  A IR reduz significativamente o ruído de imagem 
sem perda de informação diagnóstica e tem o 
potencial de redução substancial dose de radiação 
(Moscariello, 2011) 

Tomografia 
Computorizada 
2015 e 2014 papers mais citados 
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diatric protocols, using automatic tube cur-
rent modulation, clinical indication, and 
weight-based fine tuning of scanning pa-
rameters. Authors have shown that low-
tube-voltage (80–100 kVp) chest CT recon-
structed with ASIR30 has 20% lower noise 
at 45% (3.7–7 mGy) reduced radiation doses 
compared with FBP. Pediatric head CT with 
ASIR at 22 mGy allowed 28% dose reduc-
tion for 3- to 12-year-old patients and 48% in 
reduction at 30 mGy for patients older than 
12 years compared with FBP [20]. Smith et 
al. [21] reported that at 3.1 mGy MBIR main-
tained the diagnostic confidence of pediatric 
CT compared with ASIR at 6 mGy.

Limitations
Although several studies have documented 

the potential for dose reduction with iterative 

reconstruction, these studies have also found 
oversmoothing of images with higher strengths 
of iterative reconstruction [3–17]. Hence, it is 
vital that the appropriate radiation dose level as 
well as the strength of the iterative reconstruc-
tion technique is selected. This oversmoothing 
due to aggressive noise reduction is reported 
as distinctive image texture or appearance or 
“waxiness” or “pixillation” from a variety of 
iterative reconstruction techniques from dif-
ferent CT vendors. Different image texture is 
also associated with “stepwise” or “blocky” ap-
pearance of tissue margins, such as mediasti-
nal structures [3]. In addition, loss of visibility 
of major fissures in the lung parenchyma due 
to this smoothing of images has been reported 
with iterative reconstruction [6].

Most iterative reconstruction techniques 
are vendor specific and only available for 

state-of-the-art scanners. SafeCT offers an 
image-based vendor-neutral iterative recon-
struction technique that can be applied to any 
CT system regardless of its age [24]. FBP is 
currently available on all scanners and is still 
commonly used in clinical practice. Some it-
erative reconstruction techniques, such as 
MBIR, have a long reconstruction time (30–
60 minutes for a single dataset). Thus, their 
clinical use is limited. These limitations can 
be overcome by use of hybrid iterative re-
construction techniques that blend with FBP. 
These hybrid iterative reconstruction tech-
niques have less pixillation or oversmoothing 
problems compared with the pure iterative re-
construction techniques that do not blend with 
FBP. In addition, hybrid iterative reconstruc-
tion techniques reconstruct images almost in 
real time (< 1 minute for single dataset).

TABLE 1: Tabulated Summary of Iterative Reconstruction Technique and Radiation Dose in Different Body Regions 
and in Children

Protocol
Iterative 

Reconstruction

Lowest 
Acceptable 

CTDIvol (mGy) Results First Author Year

Head CT ASIR 49 Improved SNR and CNR with low-dose ASIR Rapalino 2012

Head CT ASIR 38 ASIR allows 30% dose reduction compared with 
FBP for brain CT without compromising 
diagnostic confidence

Ren 2012

Routine chest CT ASIR 3 Lung lesions can be adequately assessed with 
ASIR at 75% reduced dose

Singh 2011

Routine chest CT MBIR 0.3 Noncalcified lung nodules can be seen well with 
MBIR

Yamada 2012

Routine chest CT IRIS 3–4 Conspicuity of ground-glass attenuation and 
emphysematous lesions improved on IRIS 
compared with FBP

Pontana 2011

Routine chest CT SAFIRE 2.5 SAFIRE improves diagnostic confidence and 
lesion conspicuity compared with FBP

Kalra 2013

Chest CT angiography SAFIRE 1.2 At 1.2 mGy, chest CT angiography has lower 
image noise than at 2.6 mGy

Pontana 2013

Routine abdomen CT ASIR 8 ASIR lowers image noise and improves diagnostic 
confidence of abdominal CT compared with FBP

Singh 2010

CT colonography ASIR 2.1 CT colonography can be performed with 
low-dose ASIR

Flicek 2010

Liver CT MBIR 9 At 8.7 mGy, diagnostic confidence for detecting 
variants of hepatic vessels improved with MBIR

Hur 2014

Routine abdomen CT MBIR 2.0–2.7 Aggressive noise reduction leads to decreased 
diagnostic confidence with MBIR

Vardhanabhuti 2014

Routine abdomen CT SAFIRE 2.5–6 50–75% dose reduction can be achieved with 
SAFIRE compared with FBP

Kalra 2012

Pediatric chest and abdomen CT ASIR 3.7 ASIR improves image quality compared with FBP Singh 2012

Pediatric head CT ASIR 22 ASIR allowed 28% dose reduction for 3- to 
12-year-old age group and 48% reduction for 
more than 12 years old compared with FBP

McKnight 2014

Note—CTDIvol = volume CT dose index, SNR = signal-to-noise ratio, CNR = contrast-to-noise ratio, FBP = filtered back projection, ASIR = Adaptive Statistical Iterative 
Reconstruction (GE Healthcare), MBIR = Model-Based Iterative Reconstruction (GE Healthcare), IRIS = Iterative Reconstruction in Image Space (Siemens Healthcare), 
SAFIRE = Sinogram-Affirmed Iterative Reconstruction (Siemens Healthcare).
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poral). To address some of these concerns, 
scanner manufacturers have introduced new-
er image reconstruction algorithms—name-
ly, iterative reconstruction techniques. Al-
though iterative reconstruction techniques 
were introduced clinically in 2009 as new-
er algorithms, this was actually the reemer-
gence of existing technology because of ad-
vancement in the computational power of 
computers [1, 2].

Conventional FBP is associated with high-
er image noise and artifacts at reduced dos-
es because it is based on some mathematic 
assumptions of the CT system. For example, 
FBP ignores key information about the x-ray 
photon statistics, such as the Poisson distri-
bution of photons and system hardware de-
tails (focal spot size, active detector area, 
and image voxel shape) [1, 2]. Iterative re-
construction techniques, as the name sug-
gests, iterate the image reconstruction sever-
al times to better estimate these mathematic 
assumptions and generate images with lower 
noise [1–3]. This iteration of the massive raw, 
or sinogram, CT data requires longer compu-
tational time and robust computers. Different 
scanner manufacturers have taken different 
algorithmic approaches to iterate different 
components of the image reconstruction al-
gorithm. However, the common endpoint of 
all the iterative reconstruction algorithms is 
to produce lower image noise and higher res-
olution by maintaining edges and lower arti-
facts. This ability of iterative reconstruction 
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C
T radiation dose optimization is 
an important concern to lower 
the associated population risks. 
Several efforts have been taken 

by the imaging community to reduce the dose 
to as low as reasonably achievable (ALARA). 
Scanner manufacturers have contributed by 
developing technologies to reduce doses 
while maintaining image quality, such as au-
tomatic exposure control, noise reduction fil-
ters, and iterative reconstruction algorithms. 
Image reconstruction algorithms play a vital 
role in maintaining or improving image qual-
ity in reduced-dose CT [1]. Reduced-dose 
CT can be achieved by modifying the scan-
ning parameters (tube current, tube potential, 
pitch, and rotation time). Iterative reconstruc-
tion techniques can then be applied to these 
reduced-dose CT examinations to improve 
the image quality. In this article, we will re-
view clinical applications of iterative recon-
struction techniques for chest, abdominal, 
head and neck, and pediatric CT.

Physical Basis of Iterative 
Reconstruction

The first commercial CT scanners used 
filtered backprojection (FBP) technique be-
cause of its faster reconstruction and ease of 
implementation [1]. FBP has served the CT 
community for the past 40 years; however, 
its performance has been challenged because 
of the need for reducing radiation dose while 
improving resolution (both spatial and tem-

Keywords: CT image quality, CT radiation dose 
optimization, iterative reconstruction techniques

DOI:10.2214/AJR.14.13241

Received May 20, 2014; accepted after revision 
August 29, 2014.
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Key Points 
1. CT radiation dose optimization is one of the major concerns for the scientific community.
2. CT image quality is dependent on the selected image reconstruction algorithm.
3. Iterative reconstruction algorithms have reemerged with the potential of radiation dose 

optimization by lowering image noise.
4. Tube current is the most common parameter used to reduce radiation dose along with it-

erative reconstruction.
5. Tube potential (kV) is also used for dose optimization with iterative reconstruction in CT 

angiography protocols and small patients.
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Ahmed A. et al. Review article – The impact of Sinogram-Affirmed Iterative Reconstruction on patient dose and image quality compared to 
filtered back projection: a narrative review, in Hogg P & Lança L (2015) OPTIMAX 2014 – radiation dose and image quality optimisation in 
medical imaging. 21-26 
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Authors Part of body 
examinated

SAFIRE 
Strength

Dose reduction Image quality results

Christe et al. 
(2013)6

Chest S3 80% at  same noise
45% at same SNR
59% at same CNR
25% at same subjective IQ

-44 % noise, +36 % SNR, +34 % CNR with SAFIRE
Better subjective IQ for SAFIRE with same dose

Wang et al. 
(2013)7

Chest 
(low dose)

S3 similar IQ with FBP 100% dose 
and  SAFIRE 50% dose

Full-dose FBP noise comparable to half-dose SAFIRE
Subjective IQ  evaluation in noise, SNR and lesion 
detection comparable with full-dose FBP or half-dose 
SAFIRE

Ghetti et al. 
(2013)10

Chest,
Water,
Catphan 600 
and
3D phantom

S1-S5
S1,S3,S5

Unique dose of 13.4 mGy tested 
for noise
Doses tested  for CNR : 20.2, 13.4 
and 6.7 mGy

Up to 60% noise reduction with SAFIRE 5 for 2mm 
slices with same dose
Noise decreases and CNR increases when SAFIRE 
strength rises

*UHèHU�HW�DO��
(2013)�

Abdomen S1-S5 Dose reduced at 30% and 70% 
from full dose

SNR and CNR improved with the increase in SAFIRE 
levels

Kim et 
al.(2014)9

Abdomen 
(paediatric)

S2,S3,S4 64.2% average dose reduction for 
similar image quality with SAFIRE

Noise decreases  and IQ  increases with SAFIRE 
strengths
1R�VLJQLæFDQW�GLIIHUHQFH�EHWZHHQ�6$),5(�6��DQG�)%3

Schulz et al. 
(2013)1

Head:
paranasal
sinuses

S1-S5 100% FBP, 50% SAFIRE, 25% 
SAFIRE

Image noise always greater with FBP
With 25% dose, mean noise reduction 47.5% for 3mm 
and 49.4% for 1mm slices with SAFIRE
Best IQ with 100% dose level with FBP

Corcuera-
Solano et al. 
(2014)11

Head S3 ULDCT 68% dose reduction
LDCT 24% dose reduction

Image quality similar with full dose FBP and LDCT 
reconstructed with SAFIRE S3

Korn et al. 
(2013)12

Head S3 20% dose reduction + 48% SNR, + 47% CNR with SAFIRE for same dose
Similar sharpness
IQ SAFIRE scored better than FBP

Han et al. 
(2012)4

Cardiac - - - 34% noise, + 56% SNR, + 41% CNR using SAFIRE vs 
FBP using the same dose

Wang et al. 
(2013)5

Cardiac
Water 
phantom

- Simulating a 50% radiation dose 
reduction

1R�VLJQLæFDQW�QRLVH�DQG�615�GLIIHUHQFH�DQG�
equivalent image quality between full dose FBP and 
half dose SAFIRE

Nie et al. 
(2014)3

Cardiac S3 Same dose 70 kVp 6LJQLæFDQWO\�ORZHU�LPDJH�QRLVH
6LJQLæFDQWO\�KLJKHU�615�DQG�&15�IRU�6$),5(
Higher scores for subjective IQ with same dose

D I S C U S S I O N

$OWKRXJK�VSHFLæF�YDOXHV�GLIIHU�IURP�RQH�VWXG\�WR�DQRWKHU��
DOO�VWXGLHV�FRQFOXGHG�WKDW�6$),5(�DOORZV�IRU�D�VLJQLæFDQW�
dose reduction, while maintaining adequate image quality. 
1HYHUWKHOHVV�VRPH�OLPLWDWLRQV�ZHUH�LGHQWLæHG��

The studies included in this review used different param-
eters to measure image quality. There was no standard way 
in how both physical and visual image quality was meas-
ured. Different sizes of ROI’s and different Likert scales were 
used. Furthermore, not all articles assessed both physical and 
visual image qualities.

The studies assessing visual image quality only used two 
radiologists as observers. In order to reduce observer bias, a 
larger group is needed. Monitor characteristics and display 
parameters were completely missing as well as the visual 
acuity performance of the observers. 

7KH�LPDJHV�ZHUH�RQO\�FODVVLæHG�DFFRUGLQJ�WR�WKHLU�GLDJ-
nostic or visual quality, but not their diagnostic accuracy. 
More studies must be done regarding if SAFIRE provides 
better diagnostic accuracy than FBP.

In some studies the image sets were acquired using dif-
ferent equipment for FBP and SAFIRE reconstructions. 

Table 1: Results in dose reduction and image quality (IQ) evaluation

Ahmed A. et al. Review article – The impact of Sinogram-Affirmed Iterative Reconstruction on patient dose and image quality compared to 
filtered back projection: a narrative review, in Hogg P & Lança L (2015) OPTIMAX 2014 – radiation dose and image quality optimisation in 
medical imaging. 21-26 



Redução do 

ruído 

σ = 26.8 HU  σ = 7.8 HU  

IR (SAFIRE) FBP 

Cortesia: 
Siemens Healthcare Portugal 



Standard WFBP IR (SAFIRE) 

collimation: 64 x 0.6 mm 
spatial resolution: 0.33 mm 
scan time: 7 s 
scan length: 822 mm 
rotation time: 0.5 s 
Tube setting: 
100 kV, 107 effective mAs 
CTDIvol: 5.32 mGy 
DLP: 186 mGy cm  
eff. dose: 2.6 mSv 

Cortesia: 
Siemens Healthcare Portugal 



collimation: 64 x 0.6 mm 
scan time: 4.6 s 
scan length: 150 mm 
rotation time: 0.48 s 
Tube setting: 
110 kV, 87 effective mAs 
Heart rate:51-53 bmp 
CTDIvol: 6.47 mGy 
DLP: 103 mGy cm  
eff. dose: 1.4 mSv 

IR (SAFIRE) IR (SAFIRE) 

Cortesia: 
Siemens Healthcare Portugal 



Standard WFBP IR (SAFIRE) 

collimation: 64 x 0.6 mm 
spatial resolution: 0.33 mm 
scan time: 12 s 
scan length: 140 mm 
rotation time: 1.0 
tube setting:  
100 kV, 260 mAs 
CTDIvol: 25.71 mGy 
DLP: 382 mGy cm  
eff. dose: 0.8 mSv 

Cortesia: 
Siemens Healthcare Portugal 



Considerações finais 

•  Aumento da exposição total anual de radiação para 
fins médicos – em particular TC 

•  Os algoritmos de IR podem lidam melhor com baixos 
níveis de sinal - aquisições a baixa dose 

•  As técnicas de IR permitem reduzir o ruído e o 
artefacto de imagem, mantendo a qualidade 
diagnóstica com níveis de dose mais baixos 



Muito obrigado! 

 
luis.lanca@estesl.ipl.pt 


