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Introducao

« ATC é um valioso métod .‘.
radiologico ‘
« O exame TC pode expor o p
dose elevada de exposicao
causando risco acrescido
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Introducao

« Uma das possiveis solucoe
e 0 uso de tecnicas de recons
vez das reconstrucdes tradicion

« Com base nas suas capacidades de
ruido na imagem, a IR pode ter o pc
significativamente a dose em pacier
TC sem prejudicar a qualidade de |

%
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Introdugao C
* Manter a qualidade de imac
um nivel de qualidade aceit:
paciente @ menor dose poss
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 Aumento do numero de prc
a nivel global
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 Aumento da exposicao total an
fins medicos — em particular TC
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Projection radiography (incl.
mammo)

® Imaging procedures (%) ® Yearly exp .ﬂ

Food and Drug Administration (2010) Initiative to Reduce Unnecess
US FDA Center for Devices and Radiological Health. Available at W
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Medical Radiation
Exposure of the H
European Population

EUROPEAN COMMISSION (2015) Medical
Radiation Exposure of the European
Population. Radiation Protection n° 180,
disponivel em

“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 mSy 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.”

Radiation

Protection

N° 180
Medical Radiation Exposure
of the European Population
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EUROPEAN COMMISSION (2015) Medical

Radiation Exposure of the European Population.

Radiation Protection n°® 180, disponivel em
https://ec.europa.eu/energy/sites/ener/files/
documents/RP180web.pdf

M Plain radiography

M Fluoroscopy

m Computed
tomography

M Interventional
radiology
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Exposigao a radiagao ps
diagnostico

- Estudos revelam existir diferen ﬁ;
praticas radiologicas nos diverso
dose efetiva recebida pela populagac

 As variagoes encontradas podem ser a
factores, designadamente os relacionac
tecnologla em si, ou a escolha da tecnl
pode variar entre instituicoes ou mesir
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Opt|mlzagéo e C‘ﬂv‘_

O uso optimizado das radiagoes para fins
envolve a conjugacgao entre trés asp
radiologico:

os in
— (i) a escolha da técnica radlologlca
— (ii) a dose de radiacao que o paciente re
— (iii) a qualidade do diagnostico traduzida n

« Estes trés aspectos sao determinantes para :
das imagens radiologicas e dependem &

tomadas na realizagcao dos exames

i

EUROPEAN COMMISSION (2002) Optimisation of Protection in t
19793 disponivel em http://europa.eu.int/comm/resea ﬁ ergy/pa
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SOMATOM Plus STRATON Tube Dual Energy syngo.via* FAST CARE Technology

Cortesia:

Siemens Healthcare Portugal
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Svp:120
mA:300
msec:1000
mAS:300
Thk:8 mm rCBF (m1/100gAhin)

W/L:95/68
#:1 @ -461.0 mm
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1971: primeira TC diagnéstica:
Atkinson Morley's Hospital

20+

Vitrea® | msec:1000
W/L:10/5 | mAs:300
MTT (sec) P #:1 @ -461.0 mm | Thk:8 mm rCBV (n1/100g¥P

2014 — TC-CE de perfusao
com mapa de cor
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W/L:10/5
#:1 @ -461.0 mm
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Reconstrucao da imag

\\

« No processo de reconstrucao da
de atenuacao de um grande numer
(dominio da projecéao — espaco do raw. data
matematicamente processada para
do volume examinado (dominio da
da imagem)
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Retroprojecao filtrada (FBP)

4

L

raw data

final image

Reconstrucao da imagem em TC

» Aretro-projecao filtrada (FBP) é o método estabelecido,
resultante de um procedimento matematico rapido

» Antes da reconstrucao, os dados sao filtrados para
alcancar o equilibrio adequado entre a resolucao espacial e
o ruido
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Reconstrucao da ir

+ As limitagdes da FBP sé&o revelad:
baixa dose de radiagao, onde a qt
pode ser comprometida por eleve
de artefactos

 Nos ultimos anos, essas limitagoes
com a introdugao de metodos de rec
(IR) -



FBP
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A FBP convencional esta
associada a imagens com
maior ruido e artefactos de
imagem em exposic¢oes de
baixa dose

Baseia-se em alguns
pressupostos matematicos do
sistema de CT

Ignora as principais
informacdes estatisticas dos ~ data, requ
fotdes de raios-X, como a computac
distribuicdo de Poisson ~ computa

é
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Reconstrucao da "‘"\‘

mais recente avanco na T ‘

modelos basicos ‘

— Statistical iterative optimization, com be
fotoes, assumindo o sistema ideal

— Model-based iterative optimization, que
modelar o sistema e o processo de ag

« Os algoritmos de reconstru 5
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Reconstrucao da

« Estes algoritmos executam a optimiz
nao sO no espago da imagem, me ﬁ i E,
data

 Aoptimizagdo de dados no espaco do ra
ruido e artefactos para o espago da image

« Como resultado, os algoritmos de IR pode
baixos niveis de sinal em aquisicoes de be

« AIR tera o potencial para substituir a FBP

<
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- 2015

Diferentes abordagens na IR

Fabricante Técnicas de IR
Adaptive Statistical Iterative Reconstruction
GE Healthcare
MBIR ou Veo Model-Based lterative Reconstruction
lterative Reconstruction in Image Space
Siemens Healthcare SAFIRE Sinogram-Affirmed Iterative Reconstruction

ADMIRE Advanced Model-Based lterative Reconstruction

Iterative Model Reconstruction
Philips Healthcare

Toshiba Adaptive Iterative Dose Reduction




'. W REGULAMENTAGAO |
| aa INTERCAMBIO INTERNACIONAL "‘3 '?' m@nﬁﬁm nrﬂ2®

Conra
Réntge

oreTecnicas RADIOLOGICAS ANOS 157"

O numero de
iteracbes &
definido de
acordo com o
modo de
aquisicao

'
- e
'
bR e

Remocao .
de artefactos

Cortesia:
Siemens Healthcare Portugal
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. filtered back projection

A

L

measured data

final image

validation with
measured data

validation with

.......

measured data

* forward projection

Cortesia:
Siemens Healthcare Portugal

Multiplas iteracdes sao efetuadas
no espaco do raw data: correcao
de imperfeicdes geométricas e
outros artefactos

Reconstrucao da imagem a partir
do raw data "corrigido"

Multiplas iteragOes sao realizadas
no espaco da imagem: remogao
do ruido para uma excelente
qualidade de imagem final

raw image

data space data space
v =
=, S
(%]
3y o
a
—
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Eur Radiol (2012) 22:295-301

- DOI 10.1007/500330-011-2271-7
Tomografia TR
C O m p u to ri Za d a CT image quality improvement using adaptive iterative dose

reduction with wide-volume acquisition on 320-detector CT

201 5 e 2014 papers mals Cltados Alban Gervaise - Benoit Osemont - Sophie Lecocq

Alain Noel - Emilien Micard - Jacques Felblinger -
Alain Blum

Eur Radiol (2012) 22:1613-1623
DOI 10.1007/500330-012-2452-z

COMPUTED TOMOGRAPHY

Model-based iterative reconstruction technique for radiation
dose reduction in chest CT: comparison with the adaptive
statistical iterative reconstruction technique

Masaki Katsura - Izuru Matsuda - Masaaki Akahane -

Jiro Sato - Hiroyuki Akai - Koichiro Yasaka «
Akira Kunimatsu - Kuni Ohtomo

Eur Radiol (2011) 21:2130-2138
DOI 10.1007/500330-011-2164-9

CARDIAC

Coronary CT angiography: image quality, diagnostic accuracy,
and potential for radiation dose reduction using a novel
iterative image reconstruction technique—comparison

4014 with traditional filtered back projection

Antonio Moscariello - Richard A. P. Takx - U. Joseph Schoepf - Matthias Renker -
Peter L. Zwerner - Terrence X. O’Brien - Thomas Allmendinger - Sebastian Vogt +
Bernhard Schmidt + Giancarlo Savino - Christian Fink + Lorenzo Bonomo
Thomas Henzler
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Tomografia
Computorizada

2015 e 2014 papers mais citados

Eur Radiol (2012) 22:295-301
DOI 10.1007/s00330-011-2271-7

COMPUTED TOMOGRAPHY

CT image quality improvement using adaptive iterative dose
reduction with wide-volume acquisition on 320-detector CT

Alban Gervaise - Benoit Osemont - Sophie Lecocq *
Alain Noel - Emilien Micard - Jacques Felblinger -
Alain Blum

Estudo com componente experimental e
prospectiva, realizado em fantoma com
variacao nos mAs (25 a 550) e em 15
pacientes

A técnica AIDR (Adaptive lterative Dose
Reduction) reduz o ruido de imagem e
pode, potencialmente, reduzir a dose
em 52% na coluna lombar (Gervaise,
2012)
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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 diagnostica no torax € aceitavel
nas imagens adquiridas com cerca de 80%
de reducao da radiacao com técnica de
MBIR (model-based iterative reconstruction)
(Katsura, 2012)

Eur Radiol (2012) 22:1613-1623
DOI 10.1007/500330-012-2452-z

COMPUTED TOMOGRAPHY

Model-based iterative reconstruction technique for radiation
dose reduction in chest CT: comparison with the adaptive
statistical iterative reconstruction technique

Masaki Katsura - Izuru Matsuda - Masaaki Akahane -

Jiro Sato - Hiroyuki Akai - Koichiro Yasaka -
Akira Kunimatsu - Kuni Ohtomo
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2015 e 2014 papers mais citados

Eur Radiol (2011) 21:2130-2138
DOI 10.1007/s00330-011-2164-9

CARDIAC

Coronary CT angiography: image quality, diagnostic accuracy,
and potential for radiation dose reduction using a novel
iterative image reconstruction technique—comparison

with traditional filtered back projection

Antonio Moscariello - Richard A. P. Takx - U. Joseph Schoepf - Matthias Renker -

Peter L. Zwerner - Terrence X. O’Brien - Thomas Allmendinger - Sebastian Vogt «

Bernhard Schmidt - Giancarlo Savino - Christian Fink - Lorenzo Bonomo -
Thomas Henzler

65 pacientes foram submetidos prospectivamente
a TC das coronarias e angiografia coronaria

Reconstrucdes FBP feitas a partir de aquisicées
com dose de referéncia; reconstrucoes IR feitas
com metade da dose

A IR reduz significativamente o ruido de imagem
sem perda de informacdo diagndstica e tem o

potencial de redugao substancial dose de radiagao
(Moscariello, 2011)
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Lowest
Iterative Acceptable
Protocol Reconstruction | CTDI,, (mGy) Results First Author Year
Head CT ASIR 49 Improved SNR and CNR with low-dose ASIR Rapalino 2012
Read CT ASIR 38 ASIR allows 30% dose reduction compared with | Ren 2012
FBP for brain CT without compromising
diagnostic confidence
Routine chest CT ASIR 3 Lung lesions can be adequately assessed with Singh 2011
ASIR at75% reduced dose
Routine chestCT MBIR 0.3 Noncalcified lung nodules can be seen well with | Yamada 2012
MBIR
Routi IRIS 4 Conepicyity of groung=alass attenuation and Pontana_ e 20m
CT'Radiation:Diose: and Icérative
R ﬁmpared thFBP
AousinRadiology SAFIRE econstruction. ammq es a1

ChestCT an%mgraphy SAFIRE 1.2 At 1.2 mGy, chest CT angiography has lower Pontana 2013
Atul P Key Points |mage noise than at 2.6 mGy
R%M%QPd%ﬁ%ﬂrc‘?‘“ Khawaja ASIR 1. C%: r'adiatl %TI% grrgl}zatlon %)sl s%neo rtﬁlﬁr{)r\l/ or congggﬂrg féﬁ{éc e scientiﬁ.c communité/o10
Mannudeep K. Kalra 2. CT image qud S ont e cte ghstruction algorithm.
- . R0C dominal compa & }?E . .
arabjeet Singh 3. Iterative rgc onstructlon a orlt ms have reemerged with the potential of radiatign dose
C% co?or#g&ra%y ASIR optim#htion by & e de performed with Flicek 2010
4. Tube currgnt g%g‘]ﬁ%ﬁ Bnmon parameter used to reduce radiation dose along with it-
Liver CT MBIR erativeeconstruéti8ia.mGy, diagnostic confidence for detecting | Hur 2014
5. Tube potertialdK¥NtKfRBAKKIVRISES B A YR HMHBIWBIR iterative reconstruction in CT
Routine abdomen CT MBIR angipgraphy prowgels suiksiBind Riftien leads to decreased | Vardhanabhuti 2014
diagnostic confidence with MBIR
Routine abdomen CT SAFIRE 2.5-6 50-75% dose reduction can be achieved with Kalra 2012
SAFIRE compared with FBP
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 McKnight 2014
12-year-old age group and 48% reduction for
more than 12 years old compared with FBP

Padole A, Khawaja R, Kalra M, Singh S. CT Radiation Dose and lterative Reconstruction Techniques. 2015. AJR, 204:W384—-W392
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Review article — The impact of Sinogram-Affirmed Iterative
Reconstruction on patient dose and image quality compared
to filtered back projection: a narrative review

Abdulfatah Ahmed:, André Garcia’, Astrid Bakker, Dav:d Tomkinsony, Julie Salamin/, René de Lange;,
Sergey A. Buyvidovichy, Tina Sohrabi, Al dre D , Cosmin C; , Paul Plasman-

&) Schood of Health Scieners, University of Ssiford. Manchester, Ussted Kingdom

B Lisken Scheedof Health Teckmology (ESTESLL Pelytechnic besivate of Lishow, Portsgl

o) Department of Medics! Imaging and Radistion Therspy, Hanze University of Applied Sciences, Gromingen, The Netheriands

4) Hisute Eole de Samté Viead - Filtre TRM, Usiverrity of Apgiied Sciences and Ares of Western Suitzerisnd, Lawssmne, Switeeriand
o Departweent of Life Sciences and Hesith, Rodiegraphy, Oslo and Akersius Univerrity Callege of Appiied Seiences, Osle, Norway

KEYWORDS ABSTRACT

Comparison Objective: Summarize 2l relevant findings in published fiterature regarding the potential dose reduction
Filtered back projection related to image quality using Sinogram-Affirmed lterative Reconstruction (SAFIRE) compared to
Sinogram-affirmed iterative Filtered Back Projection (FBP).

reconstruction Background: Computed Tomography (CT) is one of the most used radiographic modalities in clinical
Dose reduction practice providing high spatial and contrast resolution. However it also delivers a relatively high
Paediatric CT radiation dose to the patient. Reconstructing raw-data using Iterative Reconstruction (IR) algorithms
Computed tomegraphy has the potential to iteratively reduce i muge noise while mzintaining or improving image quality of
Image quality low dose standard FBP long. times made IR unpractical

for clinical use until recently.
Siemens Medical developed a new IR algorithm called SAFIRE, which uses up to 5 different strength
levels, and poses an al ivetothe i IR witha signi: time reduction.
Methods: MEDLINE, ScienceDirect and CINAHL databases were used for gathering literature. Eleven
articles were included in this review ((mm 2012to July 2014).

This of eleven arti i ies on
and phantoms) and describes SAFIRE strengths for noise reduction in low dose acquisitions while
providing acceptable image quality,
Conelusion: Even though the results differ slightly, the literature gathered for this review suggests that
the dose In current CT protocols can be reduced at least 50% while maintaining or improving image
quality. There is however a lack of literature concerning pacdiatric population {with incressed radiation
sensitivity). Further studies should also assess the impact of SAFIRE on dlagnostic accuracy.

ERrasMuUS INTENSIVE PROGRAMME

Radiation dose and image quality
optimisation in medical imaging

INTRODUCTION However IT developments in recent years permit itera-

tive image reconstruction (IR) to become compatible with
CT is one of the most used radiographic modalities in  routine clinical practice.

clinical practice but it also comes with a significant radia-

tion dose to patients. Consequently, this research focused Sinogram-Affirmed Iterative Reconstruction (SAFIRE)

on dose reduction, particularly for paediatric examina-  is an advanced iterative reconstruction technique recently

Edited by Peter Hogg and Luis Lanca

tions. These patients are more susceptible to long-term
effects of radiation exposure, with higher potential for
an increased lifetime risk of malignancy. Filtered back
projection (FBP) is the standard reconstruction algorithm.

developed by Siemens that requires less computing power
and uses both FBP and raw data-based iterations. SAFIRE
estimates the noise caused by fluctuations in neighbour-
ing voxels in the raw-data. It subtracts the noise stepwise

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 & Langa L (2015) OPTIMAX 2014 — radiation dose and image quality optimisation in
medical imaging. 21-26
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Authors Partof body ~ SAFIRE Dose reduction Image quality results
examinated Strength
Christeetal.  Chest S3 80% at same noise -44 % noise, +36 % SNR, +34 % CNR with SAFIRE
(2013)6 45% at same SNR Better subjective IQ for SAFIRE with same dose
59% at same CNR
25% at same subjective IQ
Wang et al. Chest S3 similar IQ with FBP 100% dose Full-dose FBP noise comparable to half-dose SAFIRE
(2013)7 (low dose) and SAFIRE 50% dose Subjective IQ evaluation in noise, SNR and lesion
detection comparable with full-dose FBP or half-dose
SAFIRE
Ghetti et al. Chest, Unique dose of 13.4 mGy tested Up to 60% noise reduction with SAFIRE 5 for 2mm
(2013)10 Water, S1-S5 for noise slices with same dose
Catphan 600  S1,S3,S5 Doses tested for CNR : 20.2, 13.4 Noise decreases and CNR increases when SAFIRE
and and 6.7 mGy strength rises
3D phantom
Greflieretal. ~ Abdomen S1-S5 Dose reduced at 30% and 70% SNR and CNR improved with the increase in SAFIRE
(2013)8 from full dose levels
Kim et Abdomen $2,53,54 64.2% average dose reduction for Noise decreases and IQ increases with SAFIRE
al.(2014)? (paediatric) similar image quality with SAFIRE  strengths
No significant difference between SAFIRE S4 and FBP
Schulz et al. Head: S1-S5 100% FBP, 50% SAFIRE, 25% Image noise always greater with FBP
(2013)! paranasal SAFIRE With 25% dose, mean noise reduction 47.5% for 3mm
sinuses and 49.4% for 1mm slices with SAFIRE
Best IQ with 100% dose level with FBP
Corcuera- Head S3 ULDCT 68% dose reduction Image quality similar with full dose FBP and LDCT
Solano et al. LDCT 24% dose reduction reconstructed with SAFIRE S3
(2014)11
Korn et al. Head S3 20% dose reduction +48% SNR, + 47% CNR with SAFIRE for same dose
(2013)12 Similar sharpness
1Q SAFIRE scored better than FBP
Han et al. Cardiac - - - 34% noise, + 56% SNR, + 41% CNR using SAFIRE vs
(2012)4 FBP using the same dose
Wang et al. Cardiac - Simulating a 50% radiation dose No significant noise and SNR difference and
(2013)5 Water reduction equivalent image quality between full dose FBP and
phantom half dose SAFIRE
Nie et al. Cardiac S3 Same dose 70 kVp Significantly lower image noise
(2014)3 Significantly higher SNR and CNR for SAFIRE

Higher scores for subjective IQ with same dose

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 & Langa L (2015) OPTIMAX 2014 — radiation dose and image quality optimisation in

medical imaging. 21-26
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Cortesia:
Siemens Healthcare Portugal



Standard WFBP

Cortesia:
Siemens Healthcare Portugal

IR (SAFIRE)

collimation: 64 x 0.6 mm
spatial resolution: 0.33 mm
scantime:7s

scan length: 822 mm
rotation time: 0.5 s

Tube setting:

100 kV, 107 effective mAs
CTDlvol: 5.32 mGy

DLP: 186 mGy cm

eff. dose: 2.6 mSv



Cortesia:
Siemens Healthcare Portugal

y

IR (SAFIRE)

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



Cortesia:
Siemens Healthcare Portugal

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
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 Aumento da exposicao total a ﬂ
fins médicos — em particula
« Os algoritmos de IR podem lidan
niveis de sinal - aquisicoes a baixe
« As técnicas de IR permitem reduz
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