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1. Gold H, Bassett W, Widoff E. Highlights from the History of Mammography. Radiographics. 1990;10:1111-31.

2. Thierry-Chef |, Simon SL, Weinstock RM, Kwon D, Linet MS. Reconstruction of absorbed doses to fibroglandular tissue of the breast of women
undergoing mammography (1960 to the present). Radiat Res [Infernet]. 2012 Jan [cited 2012 Jul 29];177(1):92-108. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21988547
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1. Reis C. Digital Mammography: Characterisation Of Practice And Equipment Performance In Portuguese Healthcare Providers. Universidade Catélica Portuguesa; 2013.
2. Bick U, Diekmann F, editors. Digital Mammography [Internet]. Berlin, Heidelberg: Springer Berlin Heidelberg; 2010 [cited 2014 Oct 14]. Available from:

http://www.springerlink.com/index/10.1007/978-3-540-78450-0
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Fonte de
Radiacdo

Alta energia — mamas + densas e espessas!

~

Combinacdes Anodo/Filtro

Potencial para reduzir dose!

(W/Rh; W/AQ)

Utilizado em CEDM & Tomo

1. Dance DR, Thilander AK, Sandborg M, Skinner CL, Castellano IA, Carlsson GA. Influence of anode/filter material and tube potential on confrast, signal-to-noise ratio and average
absorbed dose in mammography: a Monte Carlo study. Br J Radiol [Internet]. 2000 Oct;73(874):1056—67. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11271898

2. Kotre CJ, dos Reis CS. Mammography Equipment. In: Hogg P, Kelly J, Mercer C, editors. Digital Mammography - A holistic approach [Internet]. Springer; 2015. p. 125-41.
Available from: http://link.springer.com/10.1007/978-3-319-04831-4 14
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Detetores

Analogue Digital

Screen-Film Computed Integrated Technology
radiography _ -
Indirect Conversion Direct Conversion
Scr.:-aen PES Phosphor (Csl) Amorphous Selenium
Film Image plate | - ~p, TFT TFT | Photon -
reader Counting

1. Reis C. Digital Mammography: Characterisation Of Practice And Equipment Performance In Portuguese Healthcare Providers. Universidade Catélica Portuguesa; 2013.
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Yaffe MJ, Rowlands J a. X-ray detectors for digital radiography. Phys Med Biol [Internet]. 1997 Jan;42(1):1-39. Available from: hitp://www.ncbi.nlm.nih.gov/pubmed/?015804

Smith A. Fundamentals of digital mammography: physics, fechnology and practical considerations. Hologic [Infernet]. 2005;R-BI-016:1-12. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/14603590

Reis C. Digital Mammography: Characterisation Of Practice And Equipment Performance In Portuguese Healthcare Providers. Universidade Catélica Portuguesa; 2013.
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Detetores

Melhor e mais ampla gama dindmica e SNR

Varios algoritmos de processamento - correcdo de ndo
uniformidades; melhoria na resolucdo de contraste

Melhoria no sistema de CAE — espessura e densidade

1. Kofre CJ, dos Reis CS. Mammography Equipment. In: Hogg P, Kelly J, Mercer C, editors. Digital Mammography - A holistic approach [Internet]. Springer; 2015. p. 125-41. Available
from: http://link.springer.com/10.1007/978-3-319-04831-4 16

2. Bick U, Diekmann F, editors. Digital Mammography [Internet]. Berlin, Heidelberg: Springer Berlin Heidelberg; 2010 [cited 2014 Oct 14]. Available from:
http://www.springerlink.com/index/10.1007/978-3-540-78450-0
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Detetores

Alteracao do sistema CAE (smarter AEC)

2 etapas = 19 exp. dose muito baixa+ 29 exp. determinacdo
dos PTE

compressqo

> Composicdo, espessura da mama comprimida e forca de

1. Varjonen M, Strdmmer P. Anatomically adaptable automatic exposure control (AEC) for amorphous selenium (a-Se) full field digital mammography (FFDM) system. Proc SPIE
[Internet]. Spie; 2006 [cited 2011 Oct 13];6142:614207-614207 — 8. Available from: http://link.cip.org/link/PSISDG/v6142/i1/p614207/s1 &Agg=doi

2. Bick U, Diekmann F, editors. Digital Mammography [Internet]. Berlin, Heidelberg: Springer Berlin Heidelberg; 2010 [cited 2014 Oct 14]. Available from:
http://www.springerlink.com/index/10.1007/978-3-540-78450-0
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Detetores

Manuf. AEC modes and operation

STD: intermediate dose, breast thickness is the major driver in the selection of exposure settings
Dose: promotes lower dose, breast thickness is the major driver in the selection of exposure settings

GE CNT: lower kVp, higher dose, not influenced by breast thickness. Adjusts the selections to achieve higher contrast at the cost of
increased dose.
In each mode, the target, filter, kVp, and mAs are determined automatically using a pre-exposure.
H or AEC: select only the exposure time.

Siemens D or Opdose: selection solely based on compressed breast thickness. Four thickness bands can be defined with different X-ray
factors selected for each.
The kVp is determined exclusively on compressed thickness, the mAs is determined through a pre-exposure.

Fuji

Amulet Normal: intermediate dose value; Large: higher dose; Small: lower dose

(DR)
AEC mode for mammography and AEC mode for fomosynthesis

Planmed Modeled by Flex-AEC software. The Flex-AEC consists of 48 individual detection areas that cover the amorphous selenium area of
100 cm?2. It measures a representative sample of the tissue before the final exposure and adjusts the parameters according to breast
characteristics.
Auto filter - selects the filter, kVp, and mAs. The mAs selection is affected by a density sefting.
Auto kV: selects kVp and time.

LORAD . .
Auto timer: selects only tfime.
There are 7 positions of AEC sensors
AEC mode - seven options for different breast thickness. The dose calculation is dependent on T/F combination, selected kVp and

Philips breast thickness.
DR equipment have available the option *higher dose” and manual exposure mode.

Instrumen- | A: selects only fime

tarium AA: selects time and kVp

I. ReS Lo DIghnarmMmamimodgrapny. CRAracierisanon OT Fraciice And cquiprment Fernormdance In Forruguese Aedlincdare Frovidaers. Universiadde CAlollCd FOrnuguesda, ZUTS.
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100% Dose 50% Dose 25% Dose

[1] E. Samei, R. S. Saunders, J. A. Baker, and D. M. Delong, “Digital Mammography: Effects of Reduced Radiation Dose on Diagnostic
Performance 1,” Radiology, vol. 243, no. 2, pp. 326—404, May 2007.
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Fonte de Técnicas
Radiacdo Detetores complementares
* Tipos « Monitores
o dedicados
 Materiais
« Combinagdes « Contraste + Sistfema de
» Sistema CAE e Desafios na
+ Reducio de avaliacdo da
dose QImagem
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Visualizacdo e
Report

7

LCD flat-panel

Hardware

\

LED

7

Cathode-ray-
tubes (CRT)

Requisitos p/ o sistema de Iei’ruru\

2 monitores de alta resolucdo
coincidentes com a matrix da
mamografia

*Monitor adicional para @
informacdo

Monitores =2 5 MP
Lumindnciae: 2450 cd/m?
*Calibrados com DICOM GSDF:

Q}x. as diferencas /

1. Kagadis GC, Walz-Flannigan A, Krupinski EA, Nagy PG, Katsanos K, Diamantopoulos A, et al. Medical imaging displays and their use in image interpretation. Radiographics
[Internet]. 2013;33(1):275-90. Available from: http://pubs.rsna.org/doi/full/10.1148/rg.331125096
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Visualizacdo e
Report

ﬁequisitos p/ o sistema de leitura: \

Contraste:
« resposta dos monitores de acordo com as
recomendacoes da AAPM TG18
Bit depth:
« minimo de 8-bit
Ruido no Display: t&do baixo quanto possivel (2-2.5%)

Durante a interpretacdo: as imagens devem ser visualizadas

w 2:1 ou 200% do tamanho /

. Kanal KM, Krupinski E, Berns EA, Geiser WR, Karellas A, Mainiero MB, et al. ACR-AAPM-SIIM Practice Guideline for Determinants of Image Quality in Digital Mammography. J Digit
Imaging [Internet]. 2013 Feb 20;26(1):10-25. Available from: hitp://link.springer.com/10.1007/s10278-012-9521-3

. Bick U, Diekmann F, editors. Digital Mammography [Internetf]. Berlin, Heidelberg: Springer Berlin Heidelberg; 2010 [cited 2014 Oct 14]. Available from:
http://www.springerlink.com/index/10.1007/978-3-540-78450-0
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Visualizacdo e
Report

Todos os monitores devem ter aparéncia
semelhante, necessitando de uma calibragao
que use a mesma GSDF e racios de lumindncia

MAS E AINDA INSUFICIENTE

Conftrolo da Qualidade:
Mudanca no papel dos TR

1. KagdUre e a——e - — N e —— I — L ——— -
image interpretation. Radiographics [Internet]. 2013;33(1):275-90. Available from: http://pubs.rsna.org/doi/full/10.1148/rg.331125096
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Visualizacdo e

Report

Ferramentas

(ConTros’re & brilho
e Flip & rotacdo
e Inversao
e ROI & medicoes
e /oOom, Pan & magnificacao
 Edge enhancement & reducdo do ruido

- /

1. Kanal KM, Krupinski E, Berns EA, Geiser WR, Karellas A, Mainiero MB, et al. ACR-AAPM-SIIM Practice Guideline for Determinants of Image Quality in Digital Mammography. J Digit
Imaging [Internet]. 2013 Feb 20;26(1):10-25. Available from: hitp://link.springer.com/10.1007/s10278-012-9521-3

2.  Kotre CJ, dos Reis CS. Mammography Equipment. In: Hogg P, Kelly J, Mercer C, editors. Digital Mammography - A holistic approach [Internet]. Springer; 2015. p. 125-41. Available
from: http://link.springer.com/10.1007/978-3-319-04831-4 16
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Fonte de
Radiacdo

Evolucdo Tecnoldgico

Detetores

A 4

Técnicas
complementares

L4

Combinacdes A/F

Tipos

Materiais

Contraste
(resolucao)

Sistema CAE

Reducao de dose

Monitores
dedicados

Sistema de
relatdrio

Desafios na
avaliacdo da
QImagem

Medicoes da
densidade
mamdaria
CEDM

Tomossintese
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Mammogram composed of scalloped contours with
some lucent areas of fatty replacement and 1 mm
evenly distributed nodular densities

Mammogram composed almost entirely of lucent Low
areas of fatty replacement and 1-mm evenly Il
Tabar distributed nodular densities
Prominent ducts in the retroareolar area Il
Extensive, nodular and linear densities with nodular v

size larger than normal lobules
Homogeneous ground-glass-like appearance with no
perceptible features

Vv
0% of density A
0-10% B Low
C
D

10-25%
25-50%

50-75% E
> 75% of density F

1. Reis C. Digital Mammography: Characterisation Of Practice And Equipment Performance In Portuguese Healthcare Providers. Universidade Catdlica Portuguesa; 2013.
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Técnicas
complementares

-Software  em  desenvolvimento  para
calcular a % de tecido glandular

-Métodos mais objetivos e quantitativos — menos
dependentes dos observadores

-Medicdo de densidade também possivel noutras
modalidades: MRI, US

1. Fowler EEE, Vachon CM, Scoftt CG, Sellers TA, Heine JJ. Automated Percentage of Breast Density Measurements for Full-field Digital Mammography Applications.
Acad Radiol [Internet]. 2014 Aug;21(8):958-70. Available from: http://linkinghub.elsevier.com/retrieve/pii/S1076633214001494
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Técnicas

complementares

s - /]
Planimetry - direct measurement of dense
tissue area using planimeter

0 D

Image digitalization (SFM) based on
brightness

N
s z

Thresholding — semi-automated; observer
manipulates a mouse to select grey levels;
histogram is applied

Medicoes de \ J
densidade ( )

Texture-based techniques — none has a strong
association with breast cancer risk

N vy

~

X-ray attenuation coefficient (CT, TOMO, DM)
Dual —energy X-ray absorptiometry

S

1. Yaffe MJ. Mammographic density. Measurement of mammographic density. Breast Cancer Res [Internet]. 2008;10(3):209. Available from: hitp://breast-cancer-
research.com/content/10/3/209
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Volume 483.3 cm® . . Volume 477.7 cm?
Breast Thickness @ Breast Thickness @
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29cm (610%). Densest Pixe

Densest 1 cm? " : 2.7 cm (57.5%)
2.3cm (48.3%)

Breast Density

& Breast Density
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® 0.9 cm (18.8%)
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Version: 3.2.0.0 Build: 15.309.3615.4515 Not Intended for Diagnostic Use © Volpara Health Technologies Limited. 2015. All rights reserved

1. Alonzo-Proulx O, Mawdsley GE, Patrie JT, Yaffe MJ, Harvey JA. Reliability of Automated Breast Density Measurements. Radiology [Internet]. 2015
May;275(2):366-76. Available from: http://pubs.rsna.org/doi/10.1148/radiol.15141686
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Técnicas
complementares

FUTURO:

Medicoes de | Recomendacoes
densidade A de rastreio

personalizadas

Fowler EEE, Vachon CM, Scoftt CG, Sellers TA, Heine JJ. Automated Percentage of Breast Density Measugments for Full-field Digital Mammography
Applications. Acad Radiol [Internet]. 2014 Aug;21(8):958-70. Available from: hitp://linkinghub.elsevier.com/retrieve/pii/S1076633214001494

Reis C. Digital Mammography: Characterisation Of Practice And Equipment Performance In Portuguese Healthcare Providers. Universidade Catdlica
Portuguesa; 2013.
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Evolucdo Tecnoldgico

Técnicas
complementares

Medicdo de
densidade

CEDM

Tomossintese
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European Journal of Radiolozy

journsl hamepege: wws alses e com/lacaiaiejred

Clinical evaluation of contrast-enhanced digital mammaography and {!}: .
contrast enhanced tomosynthesis—Comparison to contrast-enhanced
breast MRI

Chen-Pin Chow ™, jobin M. Lewin®, Chia-Ling Chiang **, Bao-Hui Hang®, 27
Taung-Lung Yang ", Jer-Shyung Huang*~, Jia-Bin Lizo*', Huay-Ben Pan ™=+



Conftrolo da Qualidade em
Mamografia Digital

Testes - mpactos




Controlo da Qualidade

Ampola/Feixe

o

IAEA HUMAN HEALTH SERIES

No. 17

Quality Assurance Programme
for Digital Mammography

Visualizagdo
/
Display
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Controlo da Qualidade

Sistema de Aquisicao

1. European Communities/European Reference Organisation for Quality Assured Breast Screening and Diagnostic Services (2006). European
guidelines for quality assurance in breast cancer screening and diagnostic. (4th edition)
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Controlo da Qualidade

Equipamento - Mamoagrafo Digital CR ou DDR
Uniformidade/Artefactos

31




Controlo da Qualidade

Equipamento - Mamaégrafo Digital CR ou DDR
Alinhamento




Controlo da Qualidade

Propriedades do
sistema

Dosimetria

1. European Communities/European Reference Organisation for Quality Assured Breast Screening and Diagnostic Services (2006). European
guidelines for quality assurance in breast cancer screening and diagnostic. (4th edition)
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Controlo da Qualidade

Equipamen’ro - Mamografo Digital CR ou DDR
Dosimetria
Retrospetiva ]
Pacientes ] “
/

Dados DICOM (DR)
Grelhas de Observagao (CR) “
H

2016
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Controlo da Qualidade

Equipamen’ro - Mamografo Digital CR ou DDR
Dosimetria

Prospetiva

Dosimetria direta: fantomas e/ou
pacientes

|
|

Dosimetros calibrados ]

CNR

2016




Exemplos prdticos

Propriedades do sistema

Qualidade da Imagem

1. European Communities/European Reference Organisation for Quality Assured Breast Screening and Diagnostic Services
(2006). European guidelines for quality assurance in breast cancer screening and diagnostic. (4th edition)
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Controlo da Qualidade

Equipamento - Mamaégrafo Digital CR ou DDR
CNR

TABLE 14 ACCEPTABLE AND ACHIEVABLE VALUES FOR SDNR USED FOR AEC EVALUATION
1l mum THICK PMMA CONTRAST OBJECT (cont.)

PMBMA theckoness (mum)

0 §4 0
System Acceptable Achievable Acceptable Achievable Acceptable Achievable
GE DS 1.4 61 3.0 .10 15 4.1
GE Essennal 5.2 ra 46 10 ig LA
Hologmc Selema 1.5 26 1.3 2.2 1.0 18
S Crono 20 4 6 28 40 21 14
Carestream CE (M2 plate) 1 8 )8 1.3 3.1 28 .4
Carestream CR (M3 plate)*
Komca TR RP-6M 46 1 4.1 6.2 }.: 54
RP-TM 14 5.3 29 46 2 4 41
CP-1M 2.3 18 20 3.3 1 28
Planmed Nisnee 1.2 70 1.6 317 y 4 10
Sectra D40 09 1.7 0.8 1.5 0.6 1.2
Sectra L3 0o 1.7 08 1.5 ) & 1.2
Seemens Novahon DR 16 27 14 14 1.1
Seemers. Insparation 1.3 22 1.1 19 )9 16
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Controlo da Qualidade

Equipamen’ro - Mamografo Digital CR ou DDR
Qualidade da Imagem

TOR [MAX] TOR [MAM]

ECR, 2006
Ana Pascoal
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Equipamento - Mamdgrafo Digital CR ou
DDR

Andlise de Rejeitados




Controlo da Qualidade

Equipamen’ro - Mamografo Digital CR ou DDR
Andlise de Rejeitados

Facility: ABC Room: 1 Unit: Nowvation DR Causas
Date from: 1 Oct 2010 Date to: 31 Dec 2010 Posicionamento
Repeat initiated by Movimento
Study # Cause Frequency Date Physician Radiographer
1234 1 1 2/10 v Parome[os de
X |
1561 2 2 4/10 v e pOS (;GO
1345 4 1 7/10 / FOthJ do T
equipamento
1392 1 1 11/10 v QuUIP

Software

Sem imagem

Qutras
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Controlo da Qualidade

Equipamen’ro - Mamografo Digital CR ou DDR
Andlise de Rejeitados
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Controlo da Qualidade

Base: 10 protocolos de CQ em mamografia

Frequéncia

Recursos
Humano

Tempo
(minutos)

Custo
Dificuldade
Utilidade

Dosimetria
semestral

TR, FM

180
$33%

moderado

++++

CNR
semestral

TR, FM

120
$3%

moderado

++++

Qual.
Imagem

anudl

TR, MR, FM

150
$$3%

moderado

+++

Monitor
semanal

TR, FM, MR

15
$3

facil

+++

Andlise de
Rejeitados

trimestral

TR

varidvel
facil

++++
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Guidelines disponiveis



1999
Mammography

CRTELIL MANUAL

Jhivvayy
fea

Torsgres prwibnet b Jouily powwees i ot
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Cormerd 1 1 bordng Bed Feoaminss Bpaseg ol
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DIARIO DA REPUBLICA — I SERIE

MINISTERIO DA SAUDE
Gabinete do Secretério de Estado da Salide

Despacho n.® 258/2003 (2.” série). — O Decreto-Lei n.” 49299,
de 17 de Novembro, com a redacgio dada pelo Decreto-Lei
0.7 2402000, de 26 de Setembro, ao aprovar o regime juridico do
licenci ¢ da fiscalizacio das unidades de salde privadas que
utilizem, com fins de diagndstico, terapéutica e de prevencdo, radia-
¢hes ionizantes, ultra-sons ou campos magnéticos, teve como preo-
cupagio fundamental garantir a qualidade das actividades desen-
volvidas.

N.% 6 — & de Janeiro de 2003

Manual de Boas Prdaticas

em Radiologia
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Pratica Clinica

Aspetos a melhorar

45



Aspetos a Melhorar

. Relacionados com o paciente

Relacionados com o equipamento

Relacionados com a fransicdo EP para Digital

Relacionados com educacdo e treino



CNR Relacionados com o paciente

2016

\Ll.l ) uuu.«.

/Sobreposic;do dos tecidos \

« Mamas densas
e Movimento
« Ansiedade

« Variabilidade anatdmica com impactos no

\posicionomen’ro J

1. Hogg P, Kelly J, Mercer C, editors. Digital Mammography: A holistic approach [Internet]. Cham: Springer International Publishing; 2015. Available from:
http://link.springer.com/10.1007/978-3-319-04831-4



http://link.springer.com/10.1007/978-3-319-04831-4
http://link.springer.com/10.1007/978-3-319-04831-4
http://link.springer.com/10.1007/978-3-319-04831-4
http://link.springer.com/10.1007/978-3-319-04831-4
http://link.springer.com/10.1007/978-3-319-04831-4
http://link.springer.com/10.1007/978-3-319-04831-4
http://link.springer.com/10.1007/978-3-319-04831-4
http://link.springer.com/10.1007/978-3-319-04831-4
http://link.springer.com/10.1007/978-3-319-04831-4

CNR Relacionados com o equipamento

2016

Sistema de Aquisicdo Sistemas de Visualizacdo
KRcdioc;do lonizante \ / . \
« Desafio na manuseamente

« Compressdo necessaria de novas ferramentas

« Movimento do compressor

: - : « Selecao dos monitores
« Calibracdo do sistema

CAE * Infroducdo de avaliacdo
« Detetores afetados pela dedicadas a performance
temperatura dos observadores &

. Novos artefactos caracteristicas visuais

SCENVAN y

1. Mercer CE, Hogg P, Lawson R, Diffey J, Denton ERE. Practitioner compression force variability in mammography: a preliminary study. Br J Radiol [Internet]. 2013
Feb;86(1022):201105%6. Available from: http://www.birpublications.org/doi/abs/10.1259/bjr.201105%96

2. Ma WK, Breftle D, Howard D, Kelly J, Millington S, Hogg P. Extra patient movement during mammographic imaging: an experimental study. Br J Radiol [Internet]. 2014
Dec;87(1044):20140241. Available from: http://www.birpublications.org/doi/abs/10.1259/bjr.20140241



http://www.birpublications.org/doi/abs/10.1259/bjr.20110596
http://www.birpublications.org/doi/abs/10.1259/bjr.20140241

o

CC Positioning MLO Positioning

1. Costa S, Oliveira E, Reis C, Viegas S, Serranheira F. Mammography equipment design: impact on radiographers’ practice. Insights Imaging [Internet]. 2014 Oct 2 [cited 2014 Oct 7];
Available from: http://www.ncbi.nlm.nih.gov/pubmed/25272950



CNR Relacionados com a transicao EP - Digital

2016

flntegragéo do equipamento digital em sistema analégico\
» Ajustamento da técnica (A/F, feixe de radiacao, CAE)
Integracao nos sistemas de informacgao (PACS)

* Mudancas no workload & workflow

Qréticas de CQ; upgrade do equipamento j

1. Pisano ED, Zuley M, Baum JK, Marques HS. Issues to consider in converting fo digital mammography. Radiol Clin North Am [Internet]. 2007 Sep;45(5):813-30, vi. Available
from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2078259 &tool=pmcentrez&rendertype=abstract

2. Destounis S V. Acquisition and workflow issues. Appl Radiol [Internet]. 2008;(October). Available from: www.appliedradiology.com

3. Reis C. Digital Mammography: Characterisation Of Practice And Equipment Performance In Portuguese Healthcare Providers. Universidade Catdlica Portuguesa; 2013.
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CNR  Relacionados com a formacdo € treino

)8 CI935)
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ﬂtualizagéo permanente — estudos mostram que os \

profissionais trabalham com tecnologia digital utilizando
tecnicas empregues em sistemas analogicos

« Formacao além da apresentacao do equipamento pelo
fabricante

* Ajustes no posicionamento e PTE — requerem treino

* Necessidade de introduzir CQ periddico

Q’ojeto E-Breast j

1. Reis C. Digital Mammography: Characterisation Of Practice And Equipment Performance In Portuguese Healthcare Providers. Universidade Catdlica Portuguesa; 2013.
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