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 Evolução Tecnológica 

• Ferramentas de otimização 

 

 Controlo da Qualidade em Mamografia Digital 

 

 Prática Clínica: aspetos a melhorar: 

• Tecnologia e Técnica 
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Evolução Tecnológica 

Ferramentas de otimização 

3 



Evolução na Mamografia 
Contexto histórico (Séc XX e XXI) 
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DMIST/ACRIN 

valida MD 

FDA aprova DR 

FDA aprova CR 

Laser CT 

mammo 

CEDM 

Tomossíntese 

Medições de 

densidade 

Estratégias de 

redução de 

dose 

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

2. Thierry-Chef I, 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 [Internet]. 2012 Jan [cited 2012 Jul 29];177(1):92–108. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/21988547 
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A separação de: 

Aquisição da imagem 

Processamento 

Arquivo  

Display/visualização 

 

Facilita a otimização 

 

Oportunidade para 
introdução de novas 
técnicas, softwares,… 

1. Reis C. Digital Mammography: Characterisation Of Practice And Equipment Performance In Portuguese Healthcare Providers. Universidade Católica 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 

Evolução na Mamografia 
(Séc XX e XXI) 
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1. Dance DR, Thilander AK, Sandborg M, Skinner CL, Castellano IA, Carlsson GA. Influence of anode/filter material and tube potential on contrast, 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_16 
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) Alta energia – mamas + densas e espessas1         

Potencial para reduzir dose1                 

Utilizado em CEDM & Tomo 
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1. Reis C. Digital Mammography: Characterisation Of Practice And Equipment Performance In Portuguese Healthcare Providers. Universidade Católica Portuguesa; 2013.  
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X-ray 
Photons 

Powder 
Phosphor 

X-ray 
Photons 

Needle  
Phosphor 

Collection 
Device 
(light         
charge) 

1. Yaffe MJ, Rowlands J a. X-ray detectors for digital radiography. Phys Med Biol [Internet]. 1997 Jan;42(1):1–39. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9015806 
2. Smith A. Fundamentals of digital mammography: physics, technology and practical considerations. Hologic [Internet]. 2005;R-BI-016:1–12. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/14603590 
3. Reis C. Digital Mammography: Characterisation Of Practice And Equipment Performance In Portuguese Healthcare Providers. Universidade Católica Portuguesa; 2013.  
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Melhor e mais ampla gama dinâmica e SNR  

Vários algoritmos de processamento - correção de não 
uniformidades; melhoria na resolução de contraste 

Melhoria no sistema de CAE – espessura e densidade 

1. 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 

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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2 etapas = 1ª exp. dose muito baixa+ 2ª exp. determinação 
dos PTE 

Composição, espessura da mama comprimida e força de 
compressão 

1. Varjonen M, Strömmer 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.aip.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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Manuf. AEC modes and operation 

GE 

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  

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. 

Siemens 

H or AEC: select only the exposure time. 

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 

(DR)  

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

Planmed 

AEC mode for mammography and AEC mode for tomosynthesis 

Modeled by Flex-AEC software. The Flex-AEC consists of 48 individual detection areas that cover the amorphous selenium area of 

100 cm2. It measures a representative sample of the tissue before the final exposure and adjusts the parameters according to breast 

characteristics. 

LORAD 

Auto filter - selects the filter, kVp, and mAs. The mAs selection is affected by a density setting.  

Auto kV: selects kVp and time. 

Auto timer: selects only time. 

There are 7 positions of AEC sensors 

Philips 

AEC mode – seven options for different breast thickness. The dose calculation is dependent on T/F combination, selected kVp and 

breast thickness.  

DR equipment have available the option “higher dose” and manual exposure mode. 

Instrumen- 

tarium 

A: selects only time 

AA: selects time and kVp 
1. Reis C. Digital Mammography: Characterisation Of Practice And Equipment Performance In Portuguese Healthcare Providers. Universidade Católica Portuguesa; 2013. 
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[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. 396–404, May 2007. 
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Hardware 

LCD flat-panel  

LED 

Cathode-ray-
tubes (CRT)  

Requisitos p/ o sistema de leitura: 

 
•2 monitores de alta resolução 

coincidentes com a matrix da 
mamografia 

•Monitor adicional para a 

informação 

•Monitores ≥ 5 MP  
•Luminânciae: ≥450 cd/m2 

•Calibrados com DICOM GSDF: 

max. as diferenças 

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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Requisitos p/ o sistema de leitura: 
 

Contraste: 

• resposta dos monitores de acordo com as 

recomendações da AAPM TG18 

Bit depth:  

• mínimo de 8-bit  

Ruído no Display: tão baixo quanto possível (2–2.5%)  
 

 

Durante a interpretação: as imagens devem ser visualizadas 

a 2:1 ou 200% do tamanho 

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: http://link.springer.com/10.1007/s10278-012-9521-3 

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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Cadeia de visualização – aumento na exigência de qualidade 

Display primário 
≥ 5 MP 

MR: 

 
 

 

 

Vê as imagens para 

interpretação 

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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• Contraste & brilho  
• Flip &  rotação 

• Inversão 
• ROI &  medições 

• Zoom, Pan &  magnificação 

• Edge enhancement &  redução do ruído 

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: http://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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•Densidade mamária: 

•Ajuda na definição do risco de 

desenvolvimento de cancro  

 

• Existem várias escalas qualitativas em uso 

 

21 1. Reis C. Digital Mammography: Characterisation Of Practice And Equipment Performance In Portuguese Healthcare Providers. Universidade Católica Portuguesa; 2013.  
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• Software em desenvolvimento para 

calcular a % de tecido glandular 
 

•Métodos mais objetivos e quantitativos – menos 

dependentes dos observadores 

 

•Medição de densidade também possível noutras 

modalidades: MRI, US 

 

 

 

1. Fowler EEE, Vachon CM, Scott 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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http://linkinghub.elsevier.com/retrieve/pii/S1076633214001494


 

 

 

23 
1. Yaffe MJ. Mammographic density. Measurement of mammographic density. Breast Cancer Res [Internet]. 2008;10(3):209. Available from: http://breast-cancer-

research.com/content/10/3/209  
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• Softwares disponíveis: 
 

• Volpara 
 

• Quantra (Hologic) 
 

• Cumulus ABD (area) 
 

• CumulusV (volume) 

 
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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1. Fowler EEE, Vachon CM, Scott 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 

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

Medições de 
densidade 

FUTURO: 

Recomendações 
de rastreio 

personalizadas 

Evolução Tecnológica 

http://linkinghub.elsevier.com/retrieve/pii/S1076633214001494
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Medição de 
densidade 

CEDM 

Tomossíntese 

Evolução Tecnológica 



Evolução Tecnológica 
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Controlo da Qualidade em 

Mamografia Digital 

Testes - impactos 
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Controlo da Qualidade 

CQ equipamento do 

equipamento foca: 

 

-Todos os estadios da 

aquisição de um 

exame 

 

- Importante aferir  o 

desempenho do 

sistema durante a 

aceitação 

 

- Monitorizar ao longo 

do tempo em 

frequências variáveis 
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Controlo da Qualidade 

Sistema de Aquisição 

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 -  Mamógrafo Digital CR ou DDR 

Uniformidade/Artefactos 
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Controlo da Qualidade 

Equipamento -  Mamógrafo Digital CR ou DDR 

Alinhamento 
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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 

Equipamento -  Mamógrafo Digital CR ou DDR 

Dosimetria 

Retrospetiva 

Pacientes 

Dados DICOM (DR) 

Grelhas de Observação (CR) 
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Controlo da Qualidade 

Equipamento -  Mamógrafo Digital CR ou DDR 

Dosimetria 

Prospetiva 

Dosimetria direta: fantômas e/ou 
pacientes 

Dosímetros calibrados  
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Exemplos práticos 

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) 



Controlo da Qualidade 
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Equipamento -  Mamógrafo Digital CR ou DDR 

CNR 
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ECR, 2006 
Ana Pascoal 

Equipamento -  Mamógrafo Digital CR ou DDR 

Qualidade da Imagem 

Controlo da Qualidade 
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Equipamento -  Mamógrafo Digital CR ou 
DDR 

Análise de Rejeitados 
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Causas 

Posicionamento 

Movimento 

Parâmeros de 

exposição  

Falha do 

equipamento 

Software 

Sem imagem 

Outras 

Equipamento -  Mamógrafo Digital CR ou DDR 

Análise de Rejeitados 

Controlo da Qualidade 
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Equipamento -  Mamógrafo Digital CR ou DDR 

Análise de Rejeitados 

Controlo da Qualidade 
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Base: 10 protocolos de CQ em mamografia 

Dosimetria CNR 
Qual. 

Imagem 
 Monitor 

Análise de 

Rejeitados 

Frequência semestral semestral anual semanal trimestral 

Recursos 

Humano 
TR, FM TR, FM TR, MR, FM TR, FM, MR TR 

Tempo 
(minutos) 

180 120 150 15 variável 

Custo $$$$ $$$ $$$ $$ $ 

Dificuldade moderado moderado moderado fácil fácil 

Utilidade ++++ ++++ +++ +++ ++++ 

Controlo da Qualidade 
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Guidelines disponíveis 
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Manual de Boas Práticas  

em Radiologia 



Prática Clínica 

Aspetos a melhorar 
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Relacionados com o paciente 

Relacionados com o equipamento 

Relacionados com a transição EP para Digital  

Relacionados com educação e treino 

Aspetos a Melhorar 
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