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A ultra-sonografia vem desempenhando importante papel no diagnostico de lesées
mamarias. Nas ultimas duas décadas houve notavel evolugdo tecnolégica em relacéo a
esse procedimento, com o advento de tecnologia digital e de sondas ultra-sonograficas de
alta frequéncia. As mesmas tém favorecido o emprego de exames ultra-sonograficos de

forma rotineira para o estudo das mamas (Kaplan, 2001; Gokalp et al., 2008).

Contudo, as principais limitacbes observadas em relagcdo a ultra-sonografia
consistem na baixa especificidade da mesma e no seu baixo valor preditivo positivo,
principalmente para o estudo de lesdes com caracteristicas indeterminadas, geralmente
classificadas como Bi-Rads categoria 3 ao exame. Tal fato dificulta a introducéo desse
método de imagem nos programas de rastreamento do cancer de mama (Graf et al., 2007;
Burnside et al., 2007). As principais hipoteses diagnésticas diferenciais encontradas nesta
categoria sao: fibroadenoma, cisto com conteiudo espesso e carcinoma com apresentagao
atipica (Graf et al., 2007).

Neste contexto, estudos vém sendo realizados acerca da utilizacdo de métodos que
complementem a ultra-sonografia, no sentido de possibilitar a classificacdo dos referidos
nddulos como de natureza benigna, provavelmente benigna ou suspeita para malignidade.
Dentre os mesmos, existem evidéncias de que a elastografia constitui-se em técnica
bastante promissora (Ophir et al., 1991; Itoh et al., 2006; Burnside et al., 2007; Scapperotta
et al., 2008).

A elastografia foi descrita pioneiramente por Ophir et al., no ano de 1991. A técnica
de aquisicdo de imagens utilizada para o estudo elastografico consiste em trés passos. No
primeiro deles sdo obtidas imagens do tecido a ser estudado, exercendo-se leves
compressodes, durante as quais sdo anotadas linhas de radiofreqiiéncia (RF) na area de
interesse. Quanto ao passo 2, procura-se avaliar o deslocamento estimado entre cada duas
linhas dos dados de RF. Finalmente, no terceiro passo avalia-se o valor de deformacao para

cada ponto da area de interesse, baseando-se na deformacao dos dados de RF.

Cada pixel na imagem elastografica varia conforme amplo espectro de cores (de 1 a
256), conforme a magnitude da deformacdo. A escala varia de vermelho — para
componentes com grande deformagao —, a azul, — para 0os que nao apresentam deformacgao
significativa. Ja a cor verde corresponde a lesdes intermediarias. As imagens obtidas pelo
estudo elastografico sdo superpostas sobre as imagens obtidas pela ultrassonografia

convencional.

Atualmente, existem duas principais linhas de pesquisa no que se refere a

metodologia para determinar sua aplicabilidade clinica. Uma delas baseia-se na avaliagao
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das dimensdes do nddulo, antes e apos compressdes exercidas sobre a area de interesse.
Neste método utiliza-se software que torna as lesdes macias mais claras e as rigidas mais
escuras, o que faz com que as malignas figuem mais evidentes do que as benignas (Regner
et al., 2006; Burnside et al., 2007).

A outra linha de pesquisa €& baseada em outro software, que aplica espectro de
diferentes cores aos tecidos, conforme a sua rigidez, variando de vermelho para tecidos
macios, verde para os intermediarios e azul escuro para os rigidos (Itoh et al., 2006;
Scapperotta et al., 2008; Tohno et al., 2008 ).

Nao ha consenso na literatura quanto a melhor técnica a ser utilizada na pratica da
elastografia e tampouco quanto a classificagdo para sua aplicagao clinica. Tais fatos sao
responsaveis pelos principais questionamentos do método, que consistem na falta de
sistematizacdo quanto a maneira de realizar a compressdo e quanto a variagao

interpretativa inter-observadores (Regner et al., 2006).

Os resultados obtidos com a utilizagcao das referidas técnicas tém evidenciado que as
mesmas apresentam limitagdes em relacdo ao estudo de lesbes maiores que 2 cm, 0 que

leva a restringir sua aplicabilidade clinica a casos selecionados (Scapperotta et al., 2008).

Os trabalhos por nos realizados seguem linha de pesquisa que teve como objetivo
estabelecer nova sistematizagao, no que se refere a técnica de exame e nova classificacao
das imagens elastograficas obtidas, visando reduzir a variagéo inter-observadores e facilitar

a reprodutibilidade do método.

Por meio da nova técnica proposta observamos que, no periodo de descompressao
espontanea do parénquima, a forma pela qual a forca de compressao foi realizada exerceu
menor influéncia no resultado do estudo. Verificamos, igualmente, que as imagens obtidas
no periodo de descompressao permitiram melhor analise das lesbes encontradas, quando

comparadas com aquelas obtidas no periodo de compresséo.

Elaboramos quatro escores elastograficos, visando classificacdo simplificada. O
escore 1 é dado as lesdes que apresentam o mesmo espectro de cores do tecido mamario
periférico durante o estudo. As lesbes que apds a descompressao apresentam variagao de
cor para mais macia abrangendo mais que 50% da amplitude do nédulo, quando comparada
com a imagem durante a compressao, enquadram-se no escore 2. Ja o escore 3 é conferido
as lesdes que, apds a descompressao, apresentam variagao de cor em menos de 50% da
area do nddulo (entre 10% e 50%). Por fim, no escore 4 encontram-se as lesées que nao
apresentam variacao significativa na cor durante a compressao e apds a descompressao do

parénquima, permanecendo azul nas duas imagens. Os escores 1 e 2 correspondem a
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lesdes provavelmente benignas, o escore 3 a lesdes indeterminadas e o escore 4 a lesbes

suspeitas de malignidade.

Utilizando a referida classificacdo estabelecemos correlagdo entre os achados
obtidos pela elastografia e os resultados anatomopatolégicos, incluindo as dimensbes dos
nodulos e o exame histolégico. Foram determinados sensibilidade, especificidade, valor
preditivo positivo, valor preditivo negativo e acuracia diagnostica. Foi ainda comparada a

acuracia diagndstica da elastografia com a da ultra-sonografia convencional.

Os nossos trabalhos publicados e ora apresentados seguem linha de pesquisa que
abrange a sistematizacao do estudo elastografico, a correlacao dos escores com o resultado
histolégico e a aplicagdo do método, especialmente para a avaliagdo de nddulos
indeterminados, isto &, o cisto de conteudo espesso e o fibroadenoma. Todos os trabalhos
fazem parte do projeto de pesquisa numero 274/07: “Proposta de classificacdo de nédulos
mamarios através de ultrassonografia utilizando a elastografia”, aprovado pelo Comité de
Etica em Pesquisa em Seres Humanos da Irmandade da Santa Casa de Misericérdia de
Sao Paulo, em 11/7/2007 (anexo 1). Inclui o Termo de Consentimento Livre e Esclarecido
(anexo 2), aprovado na mesma data. O protocolo utilizado para a pesquisa é exposto no

anexo 3.

O artigo 1, Proposta de Sistematizagdo do Estudo Elastografico de Lesdes Mamarias
pela Ultrassonografia propde sistematizagao do estudo deste método de imagem, desde a

preparacao da paciente até a sua documentacgao, visando melhorar a sua reprodutibilidade.

O artigo 2, New Elastographic Classification During and After Compression in the
Evaluation of Breast Lesion demonstra a correlagado dos escores propostos com o resultado
histolégico das lesbes mamarias, além de avaliar a variagéo inter-observadores e a acuracia

diagndstica do método.

No artigo 3, Elastography: Theory into Clinical Practice, que consiste em Carta ao
Editor, é exposta a aplicabilidade clinica da elastografia no estudo de lesbes mamarias,
enfatizando-se que a mesma pode contribuir para a redugcdo de custos no diagnéstico de

noédulos mamarios.

No artigo 4, Apresentagdo das Lesbes Mamarias Cisticas a Ultrassonografia
Utilizando a Elastografia é feita a analise de como se apresentam as lesdes cisticas a
elastografia e € discutida a aplicabilidade clinica do método, tendo em vista que estas

formas de lesdes correspondem a um dos principais diferenciais de nédulos indeterminados.

Por fim, no artigo 5, Appearence of Breast Masses on Sonoelastography with Special

Focus on the Diagnosis of Fibroadenoma é feita a comparagao entre as diferentes formas de
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apresentacdo do fibroadenoma, conforme a classificacao elastografica proposta. Avalia
ainda se ha maior influéncia do tipo histolégico da lesdo ou das suas dimensdes sobre os
escores. Conclui que a elastografia pode ser utilizada como método auxiliar no estudo das

lesbes e que pode estabelecer diferentes formas de acompanhamento das mesmas.
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INTRODUCAO

A elastografia ultrassonografica consiste de um software acoplado

RESUMO

Osjemvo, Propor uma sistematizacio do estudo elastografico para emprego na rofina ultrassonografica.

Mropos: Avaliacio de 308 pacientes encaminhadas ao senvico de infervencio mamiria do CTC-Genese no periodo de | de maio
de 2007 a | de margo de 2008 para a realizacio de bidpsia mamaria percutinea. Antes da realzagio da bidpsia percutinez foi
realizado o estudo ultrassonogréfico e a elastograia. As lesdes foram primeiramente analisadas e dassifcadas conforme o léxico Bi-
Rads pelo ultrassom convenciondl (modo B). Posteriormente, a elastografia foi reaizada e analisada conforme sistematizagio
proposta pelos autores, por meio das imagens obfidas durante a compresso e apds a descompressdo da drea de interesse. As lesdes
foram classificadas conforme escores criados pelos autores: os escores | e 2 foram considerados benignos, o escore 3 como
provavelmente benigno e o 4 como suspeito para malignidade. Foram comparados os resultados obfidos enfre o dois métodes
com os resuliados histolégicos utlizando as dreas dentro das curvas ROC (curvas operadores dependentes).

ResuLrapos. A drez dentro da curva para a elastografia foi de 0952 com intervalo de confidénc entre 0.910 e 0.946, erro
de 0.023, e de 0.867 com intervalo de confidéncia entre 0.823 & 0,903, erro de 0.0333, para o ultrassom. Quando comparadas
 areas observou-se diferenca enfre as curvas de 0,026, estatisticamente signficativa,

Concuusao. Fste trabalho apresenta uma sistematizagio do estudo elastografico utlizando as informagges obtidas durante a
compressio e apds a descompressio da amostra Ulrassonografica, demonstrando que a elastografia pode incrementar a
aveliacio do risco de malignidade para lesdes caracterizadas pelo ultrassom.

Unimermos: Diagndstico. Ultrassom. Mama. Elasticidade. Neoplasias da mama.

para determinar sua aplicabilidade dlinica. Uma baseada na avaliagio das
dimensdes do nédulo antes e apds compressoes exercidas sobre a drea
de interesse utilizando um software que toma as lesGes macias mais daras

a0 aparelho de ultrassom convencional que permite a avaliacdo dos
diferentes tecidos presentes em uma amostra ultrassonogréfica confor-
me & variagéo de sua compressiblidade'?. Parte do principio de que as
lesdes benignas sio mais compressiveis do que as malignas na maioria
das vezes e que este dado pode auxiliar para os diferentes diagndsticos
de patologias clinicas, especialmente na mama por ser um orgio
externo e pela sua consisténcia elistica®,

Atécnica foi pioneiramente descrita por Jonathan Ophir et al.® durante
a década de 1990. Atualmente existem duas principais linhas de pesquisas

e a5 mass rigdas mais escuras®”. A outra linha de pesquisa € baseada em
um software que aplica dferentes espectros de cores aos tecidos confor-
me a sua rigidez, variando de vermelho para tecidos macios, verde para
teddos intermedidrios e azul escuro para tecidos rigidos™”. Nao se
observa na literatura consenso quanto a mehor tcnica ou dassiiicagio
para a sua aplicago dlinica, que tem como principais imitagdes a variagio
interobservadora descrita por alguns estudos e de como deve ser realiza-
da a compressdo da amostra durante o exame.

1. Pés-graduando em medicina pela Faculdade de Cigncios Médicas da Santa Casa Séo Paulo - Médico assistente da servico de Diagnéstico por Imagem da Sanfa Cosa de

Séo Paule, Sao Paulo, SP

2. Especialista em Diagnéstico por Imagem pelo CBR - Diretor do CTC-Genese, Sao Paulo, SP

3. Doutor em medicina pela Faculdade de Ciéncias Médicas da Santa Casa de Sao Paulo - Médico segundo assistente na Irmandade da Santa Casa de Misericérdia de Sao
Paule e Professor instrutor da Faculdade de Cigncias Médicas da Santa Casa de Sao Paulo, Sao Paule, SP

4. Doutor em medicina pela Faculdade de Ciéncias Médicas da Santa Casa de Séio Paulo - Primeiro assistente da Irmandade da Santa Casa de Misericérdia de Séo Paulo e
Professor assistente da Faculdade de Ciéncias Médicas da Santa Casa de Sao Paulo, Sao Paulo, SP

5. Doutorado em medicina pela Faculdade de Ciéncias Médicas da Santa Casa de Sao Paulo - Professor fitular da Faculdade de Ciéncias Médicas da Santa Casa de Sao

Paule, Sao Paulo, SP

6. Doutor em medicina pela Faculdade de Ciéncias Médicas da Santa Casa de Séo Paulo - Médice primeiro assistente da Santa Casa de Misericérdia de Sao Paulo e Professor
instrutor da Faculdade de Ciéncias Médicas da Santa Cosa de Séo Paulo, Sao Paule, SP

Rev Assoc Med Bras 2009; 55(2): 00-00
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Este estudo propde uma sistematizagdo do exame elastografico
utilizando um software com variagio de espectro de cores, com o
objetivo de padronizar o exame e minimizar 2 variagio
interobservadora.

Principios fisicos

O estudo elastogréfico através do ultrassom consiste em uma
extensao de uma das mais antigas ferramentas da medicing, a palpagéo,
onde o médico avalia a forma e a rigidez do érgao em interesse?*>¢. A
imagem elastogrdfica é gerada a partir da deformacdo (strain) dos
tecidos que compdem uma amostra ultrassonografica, produzindo ecos
que sdo transformados em cores conforme a sua variagio elastica, em
que o vermelho correspende a tecidos mais macios, o verde a interme-
didrios e o azul escuro aos mais rigidos®'" "%

A aplicagio da deformagdo elastica no estudo ultrassonogréfico €
baseada em duas premissas: de que existem diferencas das proprieda-
des mecdnicas dos diversos tecidos componentes da mama e de que as
informagdes obtidas por meio dos ecos formados pela forca resultante
sio sufidentes para detectar as diferencas por meio de estimulos
mecénicos externos ou internos''.

As informages adquiridas séo semelhantes & obtidas com a
palpacio manual, porém mais sensiveis e menos subjetivas. Como 0s
tumores malignos geralmente sdo 5 a | 0 vezes mais rigidos que o tecido
mamario normal, a sua deformagdo sera menor que a do parénquima
mamario periférico, enquanto os tumores benignos tendem a sofrer
maior variagio eldstica por serem mais compressiveis®.

Esta deformacio promovida na amostra pode ser avaliada e com-
parada em dois momentos distintos, durante a compressdo e apds a
descompressio (estresse) da area de interesse, em que a deformagio
(strain) resultante é diretamente proporcional ao estresse exercido, ou
seja, quando se comprime um objeto ele tende a voltar a sua forma
original apds a descompressio'”.

Como a forga é resultante a0 produto entre a massa e a aceleragio, as
imagens obtidas apés a descompressao sofrem mener influéneia da forma
em que a forga é aplicada para o estudo. Isto se deve porgue a for@
resultante £ propordonal o tempo de sua aplicagio (aceleracdo) e é dffici
de estabelecer um tempo padronizado para a compressao da amostra, que
pode serinfuendado pelo tipo de parénquima e volume da mame®, Durante
2 descompressdo utliza-se apenas a fora resultante desta compressdo que
tende a ser homog@nea se aplicada de forma sistematizada™.

MeTopos

Pacientes

Estudo retrospectivo e prospectivo realizado no servigo de diagnds-
tico por imagem da Santa Casa de Misericordia de Sdo Paulo, sendo
avaliadas as imagens obtidas de 245 pacientes com idade média de 45 anos
(variagdo entre 24-70 anos) com 308 lesdes encaminhadas para a realiza-
cio de biopsia mamdra percutinea ao Centro de Tomografia
Computadorizada, CTC- Génese, no perfodo de | de maio de 2007 a |
de margo de 2008, Foram excluidas as primeiras |0 padentes, cada uma
com uma lesdo, consideradas como curva de aprendizagem. As demais
235 pacientes apresentaram 298 leses ac estudo ultrassonografico.

2

Artigos

Foi realizado inicalmente o estudo ultrassonogrdfico convencional
(modo B) das lesdes que foram dassficadas conforme padronizacio
proposta pelo Iéxico BI-RADS®™. Apds o estudo convencional foi
redizado o estudo elastogréfico classificando as lesdes conforme esco-
res criados pelos autores, seguida pela bidpsia percutinea realizada com
agulha acoplada a pistola semiautomatica de 14G.

Tanto a dassificado findl do estudo convencional quanto a do
estudo elastografico foram comparadas com o resultado histolégico.
Foram calculadas sensibilidade, espedificidade, acuracia diagnostica e
area dentro da curva ROC para os dois métodos'™%,

Para avaliagio da concordancia entre os observadores, foi realizado
o teste Kappa seguindo os criténos de Landis & Koch com o estudo
retrospectivo de |15 nddulos redlizado de forma eleatéria. Todas as
probabilidades de signficincia (valores de p) apresentadas sio do tipo
bilateral e valores menores que 0,05 considerados estatisticamente
signfficantes. Para o calculo, foi utlizado o software SAS 9.1.3 (Statistical
Analysis System, Cary, NC, USA)7'87,

Equipamento

O estudo convencional e a elastografia foram realizados por dois
radiologistas, com 6 anos e |7 anos de experiéncia em imaginologia
mamaria cada, uilizando apareho Ultrassonix Sonix-SP com sonda
multifreqiendial de 5 a 14 mHz. Para o estudo da elastografia foi
utilizado software espedial para o aparelho da Ultrassonix, versdo 3.0.2
(Betal) cujos direitos de utilizacio experimental para pesquisa foram
concedidos ao autor principal durante o perfodo de estudo.

SISTEMATIZAGAO DO ESTUDO

Estudo ultrassonografico convencional

O estudo convencional deve ser precedido de palpagio manual e
de anamnese detalhada para avaliagdo global das mamas das pacientes.
Deve ser realizado com as pacientes posicionadas em dectbito dorso-
horizontal (DDH) para a maior parte das lesbes ou em declbito lateral-
obliquo para avaliagio das lesGes mais externas. O brago homolateral a
mama estudada deve estar elevado sobre a cabeca™*®. Obtém-se
imagens da drea de interesse pelo modo B por meio de varreduras nos
eixos longitudinais e radiais ao mamilo, seguido pelo estudo Doppler
celorido, em que se pede avaliar a vascularizagao dos nédulos seguindo
o5 critérios estabelacidos pelo Iéxico BI-RADS®. As medidas dos
nodulos devem ser realizadas pelo mode B nos eixos crdnio-caudal,
ldtero-lateral e dntero-posterior abrangendo o maior eixo entre as duas
margens externas. Para a documentago, deve-se armazenar as ima-
gens do nodulo no quadro em que apresentar o seu maior eixo. O
estudo convencional deve durar de 4 a 8 minutos.

Estudo elastografico

A elastografia deve ser redlizada com a paciente na mesma posicdo
do exame convencional e com o transdutor orientado perpendicular-
mente & drea de interesse. Antes de sua execugdo deve-se realizar
compressoes seriadas sobre a lesdo para cerfificar o ndo-deslocamento
lateral da mesma. Apds ativar a elastografia, deve-se realizar uma
compressio manual de forma continua sobre a mama da paciente na

Rev Assoc Med Bras 2009; 55(2): 00-00



Artigos

PrOPOSTA DE SSTEMATIZAGAO DQ ESTUDO ELASTOGRAFICO DE LESOES MAMARIAS PELA ULTRASSONOGRAFIA

drea a ser estudada, perpendicular ao peitoral, até encontrar resisténcia
néo forcada do parénguima. Quando encontrada esta resisténcia deve-
se relxar @ mio proporcionando a descompressio espontdnea da
mama. A drea de esfudo selecicnada deve incluir desde o tecido celular
subcutdneo até o misculo peitoral e também a periferia do nédulo por
até 0,5¢m (Figura 1),

As imagens obtidas devem ser avaliadas em tempo real e por meio
do anememory, em que pode-se avaler de forma retrospectiva o
comportamento do nédulo durante a compressio e apds a
descompressac da amostra. Deve-se armazenar para a documentacdo
fotogrdfica um quadro do nddulo durante a compressio e outro apos &
descompressdo. Pode-se ainda gravar o filme do estudo elastogrdfico
em midia digital. O tempo de estudo deve variar entre 30 segundos e
dois minutos por nédulo. A documentagio deve ser realizada de forma
que qualquer profissional apto & realizacdo do exame possa reproduzir
0s resultados encontrados pelo executor do estudo.

Classificacao elastografica

A classificacdo elastografica proposta inclui quatro escores confor-
me a variagdo de cor durante a compressac e apos a descompressao da
area de interesse. O escore | é dado s lesdes que apresentam o
mesmo espectro de cores do tecido mamério periférico durante o
estudo. O escore 2 é conferido 3 lesdes que apds a descompressao
apresentam variagdo de cor para mais macia abrangendo mais que 50%
da amplitude do nédulo quando comparada com a imagem durante a
compressdo. Ja o escore 3 é dado &s lesdes que apds a descompressio
apresentam variagio de cor em menos de 50% da érea do nddulo
(entre 10% e 50%). Por fim, no escore 4 encontramos as lesdes que
ndo apresentam variagdo significativa na cor durante a compressdo e
apds a descompressde do parénquima, permanecendo azul nas duas
imagens (Figura 2).

ResuLTaDOS

Os valores preditivos positivos, negativos,  sensibilidade,
espedificidade e acurddia diagndstica dos scores da elastografia obtidos
foram os seguintes: 79.25%, 97.10%, 85.71%, 95.51% e 93.88% (VP
44/298; VN: 236/298; FP: | 1/298; FN: 7/298), e para a ultrassonogrfia
de 43.43%, 96.92%, 87.76%, 77.14% e 78.91% (VP: 45/298; VN:
190/298; FP: 57/298; FN: 6/296).

Adrea dentro da curva para a elastografia fol de 0.952 com intervalo
de confidéncia entre 0.910 e 0.966, erro de 0.023, e de 0.867 com
intervalo de confidéncia entre 0.823 e 0.903, ero de 0.0333 para o
ultrassom. Quando comparadas as dreas, observou-se diferenga entre
as dreas dentro das curvas de 0.026, estatisticamente signfficativa (Figura
3). Ao nivel de significancia de 5%, observou-se um grau de concordzn-
dia quase perfeito entre os observadores (Weighted Kappa= 0.847,
emo de 0.047 e p<0.0005).

Discussio

Ha mais de uma década os métodos de elastografia vém ganhando
atencdo para o estudo de tecidos moles por meio do ultrassom com a
perspectiva clinica de poder detectar precocemente lesoes que deter-
minem alteracdes patoldgicas nos tecidos'**%. Pode ser utilizada
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Figura | - Demonstracdo esquematica da compressao e descompressio
da drea de interesse. Nodulo ovoide, circunscrito, nos quadrantes
mediais da mama (1a). Aplica-se compressao continua na area de

interesse em direcdo ao misculo peitoral (1b) até encontrar resisténcia

nio forcada, seguida do relaxamento da mao proporcionando a
descompressao (Ic). Nodulo classificado como escore 3

Figura 2 - Classificacdo proposta dos nodulos mamarios durante
a compressao e apos a descompressao da mama. Escore | representa
nddulo que tem o mesmo comportamento do tecido mamario periférico.
Escore 2 apresenta variagao de cor para mais macia ocupando mais de 50%
do nodulo apos a descompressio. Escore 3 tem variagao em menos de 50%
do nddulo (10 a 50%). Escore 4 sem variagdo significativa
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Figura 3 - Curvas ROC para a elastografia e modo B. Ha incremento para
deteccio de malignidade utlizando a elastografia (p=0.026)
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Tabela |- Comparagao de estudos clinicos de elastografia mamaria descritos na literatura

Estudo Casos  Obervador Compressao Acuracia diagnostica  Classificagao

Moon et . 100 | 04-0,6cm 87,0% Segmentacio das imagens por meio do briho avaliando margem, drea,
disténcia e solidez

Giuseppettietd. 91 2 Gradud 824% Variagio de cores para discriminar lesdes benimas de malignas (Cinco escores)

Regner et al. 89 5 CGradual Varicdo da drea, didmetros &ntero-posterior e lateras, e suas relades
(veriagio interobservadora)

ltoetal. I | Seriada 88,3% Variagio de cores para discriminar lesdes benignas de malignas (Cinco
escores semelhantes a0 Guseppett)

Burnside et al 98 3 Ciclcaem 10% da 90,3% Persisténeia das imagens do modo-B durante a elastografia assocdo 2
avaliagio do ruido (Cinco escores distintos dos anteriores)

Fleury et al. 298 2 Gradua/ Descompressio 94,0% Variado de cores comparando imagens durante a compresséo e apds a

descompressio por meio de quatro escores

como ferramenta complementar ao estudo ultrassonogréfico convendi-
onal e contribuir para a orientagio da conduta adotada®”®?, principal-
mente nos nddulos indeterminados.

O estudo pioneiro realizado em 1991 por Cphir et 2l propunha
dlassificar o5 nodulos segundo a variagio elastica, partindo do principio que
lesGes benignas eram mais moles enquanto a maionia das malignas eram mais
rigidzs. A partir de entdo, vanios trabahos vém sendo publicados, porém sem
apresentar consenso quanto a padronizagdo da técnica ou dassificagdo a ser
empregada, a maioria uilizando apenas a comparagio de imagens pré e apos
a compressio da drea de interesse % (Tabela |).

Parece ndo haver consenso também quanto ao melhor software a
ser ufilizado. Os estudos que utlizam o software para avaliar a alteracio
das dimensdes dos nddulos durante a compressio baseiam-se na
variagio do briho de claro para o escuro, demonstrando que as
margens das lesdes malignas tendem ficar mais evidentes durante o
perfodo de compressdo do que nos nédulos benignos, achado prova-
velmente relacionado a desmoplasia encontrada nos carcinomas®%.
Para o estudo utiliza-se a drea do nddulo ou as medidas nos maiores
eos antes e durante a compressao. A maicria dos artigos apresenta
dlassfficacGes proprias, algumas mais complexas assodiando as altera-
qdes de brilho nos nédulos com as alteracdes das medidas obtidas®.
Uma das limitagbes relatadas € a variagdo interobservadora para deter-
minados observadores e a baixa espedificidade para outros”,

Ja os ensaios utilizando os softwares que aplicam variagdo do
espectro de cores apresentam resultades animadores, porém sem o
estudo da variagio interobservadora®. Nio apresentam consenso
quanto a melhor técnica para a realizagio do estudo ou quantoa mehor
dassificacio a ser utilizada. Itho et al.® propdem o estudo por meio de
compressdes continuas scbre o parénquima mamério, avaliando as
imagens cbtidas no perfodo precoce da compressao por acreditar que
sofrem menor variagio em relagio aos outros periodos. Apresentam
uma classificacdo composta por 5 escores sendo os escores |2 e 3
benignos, e 0s 4 e 5 suspeitos para malignidade baseados em critérios
esquematicos de variagdo de cor.

Como revisado, ndo se observa um consenso quanto a mekhor forma
de aplicagdo da forca de compresséo e da sistematizagdo do estudo,
tampouco de como deve ser feita a sua documentacéo. Nao hé relatos da

4

valorizagdo das imagens apds a descompressao, sendo valorizadas apenas
as imagens preé e apds a compressdo da drea de interesse. Acreditamos
que redlizando o estudo durante & compressio e apés a descompressio,
com as compressdes realizadas conforme a sistematizacao proposta,
pode-se ndo s6 padronizar o estudo como criar pardmetros comparativos
entre estes dois momentos. Referente a dificuldade encontrada em
quantficar a fora a ser aplicada para a compressio do parénquima,
acreditamos que possa ser vendda utilizando esta forma de compresséo
gradual, até encontrara resisténcia da mama ndo forcada, em que hd maior
valorizagio do momento de descompressao.

Quanto & avaliagio das margens, acreditamos ndo ser um bom
pardmetro para a diferenciacio das lesdes benignas de malignas, prin-
cipalmente por ndo possibilitar uma definigio das mesmas durante o
exame, & que se trata de um estudo dindmico o que interfere na sua
avaliagio. Este pode ser um dos fatores que contribuiu para a variagio
interobservadora’ de estudos anteriores e um fator limitante para a sua
documentagéo e reprodugdo. Acreditamos que a utilizagéo do software
baseado em espectro de cores apresenta maior aplicabiidade clinica
por ser de interpretacio menos complexa, baseada apenas na avaliagio
visual da variagio de cores.

Acreditamos ainda que quanto mais simples e objetiva a classfica-
¢do, mais facil a sua implementacio na pratica dinica. Devido a
elastografia  ser uma ferramenta complementar a0  estudo
ultrassonografico ela ndo ird determinar de forma isolada a conduta
frente a uma lesdo, ird auxiliar a indicar uma bidpsia ou © seu seguimen-
to. Os escores criados pelos autores foram baseados no estudo dindmi-
o da ressonanda magnética (RM) amplamente utilizado na prética
clinica, no qual se observam trés padrdes de curva cnética da
vascularizacéo: a curva | caracterfstica de lesdes benignas, a Il de lesdes
indeterminadas e a lll de leses suspeitas. Estas curvas sdo utilizadas
como dados complementares as imagens de alta resolucio espacial e
awiliam para a diferenciacio de nddulos benignos de malignos. Séo
consagradas por proporcionar uma avaliagio simples e de facil
reprodutibilidade 2%,

Os escores da elastografia propostos seguem padrdo semelhante,
onde o escore | sio lesdes formadas ndo reals, como o Iobulo de
gordura, 0 escore 2 lesdes benignas, o escore 3 lesdes indeterminadas,
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porém com baixa probabilidade de malignidade (VPN de 93,41% em
nossa série) e o escore 4 sdo lesdes suspeitas para malignidade. Como
os radiologistas e os mastologistas 4 estéo acostumados com as curvas
cinéticas da RM acreditamos que teriam pouca dificuldade para se
adaptar a esta classificagdo.

Por fim, a padronizagio da documentagio, pouco valorizada em
outros ensaios, deve ser de fundamental importancia, por ser a forma
de comunicagdo do executor do exame com o paciente e 0 médico
solictante. Pode ser fotogrdfica ou em midia digital, e deve possibilitar
que qualquer outro profissional apto reproduza os achados encontra-
dos no exame de forma visual.

A elastografia € um método promissor para auxliar no diagndstico
de lesées mamarias, porém ainda sem nenhuma padronizagdo técnica
e de documentacdo. Acreditamos que por meio desta sistematizagdo
proposta poderemos padronizar o estudo, faclitando a sua
aplicabilidade clinica e sua reprodutibilidade.

Conflito de interesse: nio hd

SUMMARY

PRoPOSAL FOR THE SYSTEMATIZATION OF THE ELASTOGRAPHIC
STUDY OF MAMMARY LESIONS THROUGH ULTRASOUND SCAN

Ogiecve. Proposal of systematization for the elastographic study in
the ultrasound routine.

Memions, Evaluation was made of 308 patients forwarded to the
breast intervention service in the CTC-Genesis from May 1, 2007 to
March 1, 2008 to perform percutaneous breast biopsy. Prior to the
percutaneous biopsy, an ultrasound study and an elastography were
performed. Lesions were primanly analyzed and dlassified according to
the Bi-Rads® lexicon criteria by the conventional ultrasound scan (B
moge). The elastography was then performed and analyzed in
accordance with the systematization proposed by the authors, using
images obtained during compression and after decompression of the
area of interest, Lesions were dassilied folowing the system developed
by the authors using a four-point scale, where scores (1) and (2) were
considered benign, score (3) probably benign and score (4) suspicion of
malignancy. Results oblained by the two methods were compared with
the histological results using the areas within the ROC (receiver
operator Curves) curves.

Resuirs, The area within the curve for elastography was of 0.952
with a confidence interval between 0.910 and 0.966, error of 0.023,
and of 0,867 with a confidence interval between 0.823 and 0.903, error
of 0.0333 for the ultrasound. When the areas were compared, a
difference between the curves of 0.026 was observed, which was
statistically significant,

Concrusion,  This work shows the systematization of the
elstographic study using information obtained during compression and
after decompression of the ultrasound scan sample, thus showing that
elastography might enharnce the assessment of risk of malignancy for
lesions characterized by the ultrasound. [Rev Assoc Med Bras 2009;
55(2): 00-00]

Kev worps: Diagnosis. Ultrasound. Breast. Elasticity. Breast Neoplasms.
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New elastographic classification of breast lesions
during and after compression

Eduardo de Faria Castro Fleury, Jose Carlos Vendramini Fleury, Sebastiao Piato, Decio Roveda Jr.

PURPOSE

Proposal for the classification of breast masses through
ultrasound elastography in order to differentiate be-
nign and malignant lesions with histological correla-
tion.

MATERIALS AND METHODS

188 patients enrolled for percutaneous biopsy of 228
breast lesions. Elastography was performed and inter-
preted according to criteria created by the authors,
with scores varying from 1 to 4 based on elasticity of
imaﬁs obtained upon release of compression. These
results were compared with the histological results;
elasticity scores of 1 and 2 were considered benign,
a score of 3 as probably benign, and 4 as suspicious
for malignancy. Positive predictive value, specificity,
and diagnostic accuracy have been calculated. The
results were evaluated using Fisher's exact test and the
analysis of the receiver operating characteristic (|
curve to determine the association with the histologi-
cal results, and diagnostic accuracy of the proposed
classification.

RESULTS

The positive predictive value, specificity, and diagnos-
tic accuracy of the scores were 76.5%, 95.9%, and
94.7%, respectively. Of 228 lesions tested, 26 tests
yielded true positive results; 8 yielded false positive
results; 190 true negative results; and 4 false negative
results. There was association with the histological re-
sults by the Fisher method (P < 0.05) and an excellent
area below the ROC curve of 0,954 (confidence range
of 95%, 0.925-0.982).

CONCLUSION

The classification by elastograph ed by the au-
thors can be usedbgs an In.r::g 4 gtmommed with
ultrasonographic studies for differentiating benign
and malignant lesions of the breast.

Key words: # breast # ultrasonography * US strain
imaging  elastography
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decades. From the limited diagnostic method that allowed only

the discrimination of solid and cystic lesions, it has become a so-
phisticated tool for evaluating and classifying masses and cysts (1, 2). Ul-
trasonographic criteria that help differentiate benign from malignant le-
sions include shape, margin, orientation, echo pattern, posterior acoustic
features, lesion boundary, and vascularization, as proposed in the latest
edition of Breast Imaging Reporting and Data System (BI-RADS™ ) (3).

In this context, new research is being conducted on methods that
may improve the diagnostic specificity and accuracy of ultrasonography
without compromising its sensitivity. In 1991, Ophir et al. (4) intro-
duced a new technique called elastography, which allowed the evalu-
ation of soft tissue by elastic deformation, through the application of
compression to the area of interest, bearing in mind that the mechanical
properties of the tissue are important indicators for the diagnosis of ma-
lignant lesions, given that most breast carcinomas are harder than the
adjacent tissue (5).

Currently there are two main lines of research to determine the clini-
cal applicability of ultrasound elastography. The first line of research is
based on the assessment of the mass size before and after compressing
the target areas. This assessment uses software with which sott lesions
appear lighter and firm lesions appear darker, and malignant lesions
tend to be more evident than benign lesions (6-8). The other line of
research is based on the use of a software that applies a different color
spectrum to tissues according to their hardness, ranging from red to
soft tissues, green to intermediate tissues and dark blue to hard tissues
(9-11).

There is no consensus as to which is the best technigue or classifica-
tion defining its clinical application. The main limitations are the in-
terobserver variability described in previous studies and the lack of a
standard for how compression should be performed during the study.

This study proposes an elastographic classification system using not
only the image of the lesion before and during compression, but also
after parenchyvmal decompression and its correlation with the respec-
tive histological result. The introduction of the time point (decompres-
sion) into the study shows that the patient’s breast tissue type has less
influence on the results, allowing evaluation criteria to be adopted with
scores ranging from 1 to 4, based on the color variation observed in the
areas of interest.

B reast ultrasonography has evolved considerably over the last few

Materials and methods
Patients

This is a prospective trial. Images from 207 patients, with a mean age
of 44 vears (range, 17-83), were evaluated. They presented with 247
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Figure 1. Classification of breast masses using scores and the assessment of color variation during compression and after decompression

of the breast tissue. Score 1, lesions that presented the same spectrum of colors as the adjacent breast tissue; Score 2, lesions which, after
decompression, had soft tissue color variations covering over 50% of the lesion; Score 3, lesions which, after decompression, presented a color
variation on less than 50% of the area (between 10% and 50%), usually around the margins, varying between yellow and green on the color

scale; Score 4, lesions with no significant color variation during compression and decompression.

lesions during the ultrasonographic
study, and were referred for percuta-
neous breast biopsy during the period
from May 1* to October 30™ 2007, The
mean diameter of the lesions was 1.5
cm (median of 1.3 ¢m, ranging from
0.5 cm to 3.2 cm). The first 10 patients
were excluded from the trial and were
regarded as having contributed to the
learning curve for the method. The
results of the percutaneous biopsy
were benign for these patients. Nine
additional patients with nine lesions
were excluded due to the presence of
non-mass lesions with asymmetry and
architectural distortions on the ultra-
sound. All mass lesions according to
the BI-RADS™ lexicon were included
in the study. Two-hundred and eleven
(92.5%) core biopsies and 17 (7.5%)
preoperative localizations were carried
out atter performing and documenting
the elastographic study; there was his-
tological confirmation in all cases.

The trial was approved by the institu-
tional review board. Informed consent
was obtained from all the participating
patients,

Equipment

Both the conventional and the elas-
tographic studies were performed by
two radiologists with 6 and 17 years of
experience in breast imaging, respec-
tively. Examinations were performed
using a Sonix 5P (Ultrasonix Medical
Corporation, Vancouver, Canada) US
system and a 5-14 MHz multifrequen-
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cy linear probe. For the elastography
study, a special software was used for
the Ultrasonix system, version 3.0.2
(Beta 1) updated to the commercial
version 2.6.

Elastographic study

The elastographic study was per-
formed with the patient lying in the
same position used for conventional
US examination (B-mode) and with
the transducer positioned perpen-
dicular to the region of interest (ROT).
The target lesion was repeatedly com-
pressed before examination to ensure
that there was no lateral shift. After the
activation of elastography, continuous
manual compression was applied to
the target region, perpendicular to the
pectoral muscle, until tissue resistance
was detected. When resistance was felt,
manual pressure was interrupted, al-
lowing spontaneous decompression of
the breast parenchyma. The study area
comprised the region from the subcu-
taneous tissue to the pectoral muscle
and also the margins of the mass up to
0.5 cm.

The elastographic imaging technique
used comprises three phases: Step 1:
Tissue is imaged with and without light
compression, and RF (radiofrequency)
data lines are acquired in the ROL Step
2: A displacement is estimated between
every two lines of RF data. Step 3: A
strain value for every point in the ROI
is estimated based on RF data deforma-
tion. Each pixel of the elasticity image

was assigned one of 256 specific colors,
depending on the magnitude of strain.
The scale ranged from red for compo-
nents with greatest strain (i.e., softest
components) to blue for those with
no strain (i.e., firmest components).
Green indicated average strain in the
ROI. The images obtained through
elastography were superimposed to the
B-mode images.

The images acquired were assessed
in real time through “cinememory”,
which allows retrospective evaluation
of the behavior of the mass during
compression and after decompression.
Overall, study duration did not exceed
two minutes per lesion.

Elastographic classification

The elastographic classification used
a tour-point scale according to the
color variation during compression
and after decompression of the ROI
(Fig. 1). A score of 1 was assigned to le-
sions presenting the same color spec-
trum as the peripheral breast tissue
(Fig. 2). A score of 2 was assigned to
lesions that after decompression pre-
sented variation to lighter strains of
more than 50% of the mass area when
compared with the image acquired
during compression (Fig. 3). A score
of 3 was assigned to lesions presenting
color variation of less than 50% of the
lesion area (between 10% and 50%)
after decompression (Fig. 4). Finally, a
score of 4 was assigned to the lesions
presenting no relevant color variation
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Figure 2. a—c. Example of score 1. Mass in B-mode (a), during compression (b) and after decompression (c). There is no definition of the tissue
mass when the elastographic study is associated with B-mode, with histology showing fibrocystic change in the breast of a 26-year-old woman.
Biopsy samples were obtained by core biopsy.
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Figure 3. a-c. Example of score 2. Mass in B-mode (a), during compression (b) and after decompression (c). The tissue mass presents an
intense posterior acoustic shadow, and is poorly characterized in B-mode (a) during compression; the mass is better defined (b) than after
decompression () and there is a change in color covering more than 50% of its area, which suggests it is benign. The histological study has
confirmed that the tissue mass is benign, compatible with a fibroadenoma in involution in a 46-year-old woman. Fragments were obtained by
core biopsy.
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Figure 4. a—c. Example of score 3. Mass in B-mode (a), during compression (b), and after decompression (). The ovoid mass limited to B-
mode (a). During compression the mass is distinguished from normal tissue, more solid than the tissue (b), and after decompression (c) there
is a change in color covering less than 50% of the tissue mass, suggesting that it is benign. The histological study has confirmed that the mass is
benign, compatible with fibroadenoma in a 33-year-old woman. Biopsy samples were obtained by core biopsy.
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Figure 5. a—c. Example of score 4. Mass in B-mode (a), during compression (b), and after decompression (c). The ovoid mass with
circumscribed margins limited to B-mode (a). During compression the mass is distinguished from the normal tissue (b), and after
decompression (c) there is no change in color of the mass, suggesting malignancy. Histological study has confirmed an invasive lobular
carcinoma in a 45-year-old woman.

during compression and after decom-
pression of the parenchyma, appear-
ing blue on both images (Fig. 5) (12).
The classification system used by the
authors is similar to the one proposed
by Scaperrotta et al. (11); however,
this proposed system relies on the as-
sessment of the images during decom-
pression periods, where the influence
of the manner in which the compres-
sion is applied in the region of interest
is smaller, thus simplifying the study
systematization.

Pathological diagnosis

All samples obtained were sent for
histological study, and were analyzed
by a specialized breast pathologist with
17 years of experience. The lesions were
divided into two groups: Group 1, be-
nign lesions; and Group 2, malignant
lesions. Group 1 was divided into three
subgroups: Group la with fibrocystic
alterations, Group 1b with fibroadeno-
mas, and Group lc with low malignant
potential, including papillomas, radial
scars, myoepitheliomas and sclerosing

Table 1. Histological results. Distribution of the histological results according te group

division

Results Group Lesions Percentage (%)
Fibrocystic changes la 65 28.5
Fibroadenoma 1b 112 491

Low malignant potential lc 21 9.2
Malignancy 2 30 13.2
Total 228 100.00

Table 2. Mean, median, and standard deviation of the elastography scores according to

histological groups

Histology Group Mean Median Standard
deviation
Fibrocystic changes 1a 21 2.0 0.61
Fibroadenoma 1b 243 20 0.57
Low malignant potential 1c 28 3.0 .70
Malignant 2 39 4.0 0.35
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lesions, according to the classitication
proposed by Ellis et al. (13, 14).

Statistical analysis

Sensitivity, specificity, positive pre-
dictive value, and negative predictive
value by elastography were evaluated
in comparison with the histologi-
cal results of the samples, Scores 1, 2,
and 3 were considered negative, and
score 4 was considered positive. For
comparison  purposes, these wvalues
were calculated for conventional ul-
trasound (B-Mode), with the lesions
classified as BI-RADS™ categories 1, 2,
and 3 considered negative, and 4 and
5 positive. The biopsied lesions were
from patients with indication for bi-
opsy referred from other services, and
were classified as tollows: 118 (51.8%)
BI-RADS™ category 3, 104 (45.6%) BI-
RADS™ category 4, and 6 (2.6%) BI-
RADS™ category 5.

Before biopsies were performed,
these lesions were reclassified in our
service as follows:; three (1.3%) BI-
RADS™ category 1, 20 (8.8%) BI-RAD-
S™ category 2, 138 (60.5%) BI-RAD-
S™ category 3, 57 (25%) BI-RADS™
category 4, and 10 (4.4%) BI-RADS™
category 5. The lesions reclassified as
BI-RADS™ category 1 were interpret-
ed in our service as areas of fibrocystic
changes interspersed in the heteroge-
neous breast tissue, However, biop-
sies were performed to confirm these
findings.

Fisher's exact test was used to test
the association between the elasto-
gram and the histological result, with
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significance at P < 0.05, using the com-
mercial software SPSS 12.0 (SPSS Inc.,
Chicago, USA).

The accuracy of the method was also
determined using the parametric esti-
mate of the area under the receiver op-
erating characteristic (ROC) curve, us-
ing the commercial Stata 8.0 software
(StataCorp, College Park, Texas, USA).

In order to assess the agreement be-
tween observers, a kappa test according
to the criteria described by Landis and
Koch was used (15). All significance
probabilities (P values) shown were
two-sided. Values <0.05 were consid-
ered statistically significant. The soft-
ware SAS 9.1.3 (Statistical Analysis
system, Cary, North Carolina, USA)
was used for the calculations, For this
purpose, all lesions were assessed again
and reclassified by each of the observ-
ers using “cinememory”,

In addition, the optimal cut-oftf
point was determined according to the
Youden index (J) (16), | = max[SEj +5F,
- 1] for the proposed scores, where SE,
and SP, are the values for sensibility
and specificity for all possible cut-off
points.

Results
Pathological diagnosis

Of the 228 lesions evaluated, 65
(28.5%) were included in Group la;
112 (49.1%) in Group 1b; 21 (9.2%)
in Group 1¢; and 30 (13.2%) in Group
2 (Table 1). Of the 30 malignant re-
sults (Group 2), 19 (63.4%) were inva-
sive ductal carcinomas; nine (30.0%)
were invasive lobular carcinomas; one
(3.3%) was a papillary carcinoma; and
one (3.3%) was a carcinoid tumor.

Of the 21 lesions classified in Group
1, 13 (61.9%) were obtained during

Table 3. Frequency and percentage of histological groups according to elastography

scores

Histology Group Score 1 Score 2 Score 3 Score 4 Total
Fibrocystic la 6(9.2%) 49(754%) 7(10.8%) 3(4.6%) 65 (100%)
changes

Fibroadenomas 1b 2(1.8%)  56(50%) 52(46.4%) 2(1.8%) 112 (100%)
Low malignant 1c 0 8(38.19) 10(47.6%) 3(14.3%) 21 (100%)
potential

Malignant 2 0 ] 4(13.3%) 26 (86.7%) 10 (100%)

Table 4. True-positive results (TP), true-negative results (TN), false-positive results (FF), and
false-negative results (FM) for the elastography scores

Score 1 Score 2 Score 3 Score 4 Total
s "] 0 0 26 26
™ g 113 &9 1] 190
FP "] 0 0 -1 8
N o 1] 4 1] 4
Total g 113 73 34 228

Table 5. True-paositive results (TP), true-negative results (TN), false-positive results (FP), and
false-negative results (FN) for the B-mode study

BI-RADS 1 BI-RADS 2 BI-RADS 3 BI-RADS 4 BI-RADS 5 Total
TP 0 0 0 17 10 27
™ 3 20 135 0 0 158
FP 0 0 0 40 0 40
FM 0 0 3 0 0 3
Total 3 20 138 57 10 228
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surgical excisional biopsy. Of the re-
maining eight lesions, five (23.8%) un-
derwent excisional biopsy after the di-
agnosis from the percutaneous biopsy,
and were considered benign. Imaging
follow-up for one year was performed
for the other three lesions (14.3%).
Malignancy was not observed in any of
these cases.

Elastography scores

The mean and median scores for the
histological classification of the le-
sions were 2.1 and 2.0, respectively, for
Group 1a; 2.5 and 2.0 for Group 1; 2.8
and 3.0 for Group 1¢; and 3.9 and 4.0
for Group 2 (Table 2).

Table 3 shows the frequency of the
histological groups, according to the
electrographic scores (Table 3).

The four (1.7%) false-negative results
obtained by the elastogram were classi-
tied as score 3, with the following find-
ings: two lobular carcinomas with diam-
eters of 0.9 cm and 0.8 cm, respectively,
one papillary carcinoma of 2.3 cm, and
one carcinoid tumor of 1.2 cm.

The positive and negative predic-
tive values, sensitivity, specificity,
and diagnostic accuracy of the elasto-
graphic scores were 76.47%, 97.94%,
86.67%, 95.96%, and 94.74%, respec-
tively (Table 4). When the scores were
analyzed separately, we obtained an
NPV of 100% for score 1, an NPV of
100% for score 2, an NPV of 94.52%
for score 3, and a PPV of 76.47% for
score 4. For the conventional study,
we obtained 90% sensitivity, 79.80%
specificity, and 81.14% diagnostic ac-
curacy (Table 5).

For the elastogram, the ROC curves,
revealed an area under the curve of
(.954, a confidence interval between
0,925 and 0.9582, and error of 0.0146
(Fig. 6). For the conventional study,
ROC curves revealed an area under the
curve of 0.888, a confidence interval
between 0.830 and 0.946, and error of
0.297 (Fig. 6).

The optimal cut-oft point identified
for the proposed classification was
score 3, which is the cut-off point cor-
responding to the maximum value of
the Youden index accounting for sen-
sitivity, specificity, and diagnostic ac-
curacy of 88%, 98.2%, and 96.5%, re-
spectively, for observer 1, and 86.2%,
95.5%, and 94.2%, respectively, for ob-
server 2. No interobserver statistically
significant difference was observed at a
significance level of 53%.

Fleury et al.
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Figure 6. Receiver operating characteristic (ROC) curves for elastography and conventional
US. The assessment of the risk of malignancy improved when elastography imaging was

available.

Discussion

Over the last decade, elastography
has become an important tool for the
study of soft tissues, with the clinical
perspective of detecting lesions and
determining pathological tissue altera-
tions, enabling the adequate treatment
of lesions (17-20). The information
acquired is similar to that obtained
through manual palpation; however,
the data from elastography studies
is more sensitive and less subjective
(21-25).

Studies conducted to evaluate le-
sions according to the size, using soft-
ware with which soft lesions appear
lighter, and hard lesions appear darker,
and malignant lesions tend to be more
evident than benign lesions, showed
good diagnostic accuracy; however,
the main limitation of the method was
the interobserver variability. Moon et
al. (8) carried out a study of 100 breast
masses by continual elastography exam
using a computer assisted diagnostic
program through segmented images
of the masses, evaluating the margins,
changes in anteroposterior distance,
and differences between the total area
and hardness. These authors obtained
a sensitivity of 839, specificity ot 88%,
diagnostic accuracy of 87%, and nega-
tive predictive value of 90%. Based on
a similar concept, but also considering
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the interobserver variability, Regner
et al. (7) concluded that elastography
has good potential for differentiating
breast tissue lesions, but that one of
its main limitations was low specificity
for some readers (24%). Burnside et al.
(6), presented similar results, and con-
cluded that interobserver wvariability
and image quality interfere with the
observer performance.

In the present study, we did not con-
sider tumor size measurements using
elastography to be an adequate criteri-
on for lesion analysis, mainly because
during the process of the elastographic
study, the definition of the margins of
the lesion is poor, and this may influ-
ence the final result of the analysis.
This may be one of the factors that
contributed to the inter-observer vari-
ation reported in these series.

The other research line based on the
use of software that applies a different
color spectrum to tissues according to
their hardness showed good diagnostic
accuracy, although there were no stud-
ies evaluating interobserver variability.
Itoh et al. (9) proposed a classification
for the lesions according to the color
spectrum variation obtained in a dy-
namic form. A total of 111 lesions were
assessed using a five-point classifica-
tion system, where scores of 1, 2, and
3 were considered benign, and scores
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4 and 5 were considered malignant.
These authors obtained a sensitivity of
86.5%, specificity of 89.8% and diag-
nostic accuracy of 88.3%. Scaperrotta
et al. (11), using a simplified three-
point classification system based on
the classification by Itoh et al. showed
a sensitivity of 80% and a specificity of
80.9%, which was similar to findings of
the ultrasound study. They concluded
that elastography may be a useful aid
to US for less experienced radiologists
in the assessment of solid non-palpa-
ble breast lesions, especially BI-RADS®
3, for which specificity was higher
{88.7%). The main limitation reported
by the authors is that elastography is
operator-dependent, and there may be
an interobserver variability; however,
all studies concluded that sonoelastog-
raphy requires training and practice to
learn the appropriate technique.

There are no reports on elastography
studies using the images acquired at-
ter decompression, but only pre- and
post-compression images in the region
of interest. We believe that studies car-
ried out during compression and after
decompression, with compressions
performed according to the proposed
systematization, can not only stand-
ardize the study, but also can provide
parameters for comparison between
these two time points. We consider
that the difficulty in quantifying the
strength to be applied for parenchy-
mal compression can be overcome by
using gradual compression, until re-
sistance is felt in the breast on which
force was not applied, and taking into
account the moment of spontaneous
decompression.

According to Hooke's law (26), when
elastic deformity is created in a materi-
al (strain) by an external force (stress),
the accumulated energy (elastic po-
tential energy) allows the material to
restore its original shape after decom-
pression. Because it is cumulative,
the elastic potential energy, which is
the force used during the decompres-
sion period, does not depend on the
manner (acceleration) with which
compression is performed. This could
minimize the main limitation of the
method, which is the lack of a stand-
ard for the way in which the compres-
sion force should be applied.

The scoring system used in this study
is similar to those used by Scaperrotta et
al. (11), although in this study, images
in the compression and decompression
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periods were compared. Scores 1 and 2
were considered benign, score 3 prob-
ably benign, and 4 suggestive of malig-
nancy., We believe that the simpler the
classification, the easier its applicabil-
ity and reproducibility.

Analyzing the results obtained
in this study, it is clear that there is
strong statistical evidence of an as-
sociation between the histological
diagnosis and the scores proposed by
the authors for elastography, whereby
scores 1, 2, and 3 were considered neg-
ative for malignancy, and score 4 was
considered suggestive of malignancy
(P =< 0.001). The ROC curve showed an
area under the curve of 0.9539, dem-
onstrating the excellent diagnostic ac-
curacy of the method. Comparing this
with the area obtained in the conven-
tional study, it was found that the in-
vestigator was better able to assess the

Figure 7. a—d. Example of breast carcinoma. B-

mode study (a), histology (b), elastography during
compression (c), and after decompression (d). Large
irregular mass (4.2 cm) classified as BI-RADS™ 5. In
the elastographic study, this lesion was classified as
score 4 with no color variation observed during or
after decompression. Histology of the biopsy specimen
showed invasive ductal carcinoma.

risk of malignancy when elastograph-
ic imaging was available. We believe
that the sensitivity (76.46%), specifi-
city (97.49%) and diagnostic accuracy
(86.67%) observed in this study were
higher than those observed in other
studies due to the exclusion of non-
mass lesions with asymmetry and dis-
tortions. Such lesions are composed
of healthy tissue interspersed within
pathologic tissue, which may lead to
talse-negative results.

All of the false-negative results had
been classified as score 3. Dimensions
of the lesions that were misclassified
varied in a great range (between 0.8
and 2.3 cm) which showed the histo-
logical type of the lesions influenced
the results more than did their di-
mensions. In the previous reports the
tumors initially classified as benign,
particularly the carcinoid tumor and
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the papillary carcinoma, are lesions
that are generally softer on manual
palpation (27, 28). Our results ditfer
from the ones reported in the litera-
ture, which showed that elastography
has better accuracy for lesions smaller
than 2.0 cm.

Our study demonstrated that fibroad-
enomas larger than 2.0 an were classi-
fied with malignant scores, and con-
versely, that small malignant tumors
tended to present benign scores. Figure
7 shows a ductal carcinoma of approxi-
mately 4.2 cm classified as score 4 by
elastography, showing a better correla-
tion with histological type than with
size for the diagnosis of malignancy.
Further studies are needed to confirm
whether there is a higher correlation of
elastographic scores with the histology
of the lesion or with its size.

One of the limitations of our study
was the small sample of malignant le-
sions compared to the benign lesions.
However, this ratio is similar to the ra-
tio observed in clinical practice, There
was also a higher prevalence of lobular
carcinomas than is described in the lit-
erature, and this may have influenced
our results,

The classification by elastography
proposed here, through the evaluation
of tissue after compression and decom-
pression of the breast parenchyma, can
be an important tool, combined with
ultrasonographic studies, for differen-
tiating benign and malignant lesions
among lesions classified as true masses
according to the BI-RADS™ |exicon.
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Elastography: Theory into Clinical Practice

To the Editor:

Ultrasonography has increasingly been considered
as a useful tool for the diagnosis and management of
breast lesions (1). With the introduction of high-fre-
quency digital transducers ranging from 7 to 14 mHz,
it is now possible to assess the morphology of these
lesions and to categorize them according to the crite-
ria suggested by the most recent BI-RADS lexicon (2).
However, the study of undetermined masses remains a
great challenge as these lesions present benign sono-
graphic features but no additional data that allow
them to be classified as benign (3). Trials are being
conducted using complementary diagnostic methods
that allow the categorization of theses masses as
benign, probably benign or suspicious for malignancy
and in this context elastography is a promising devel-
opment (4=7).

The ultrasound elastography study represents an
extension of the most ancient tool used in medicine,
ie., palpation, where the physician assesses the shape
and rigidity of the target organ (8). When external
pressure is applied (stress) onto a target area, this
pressure causes tissue deformation (strain). Using spe-
cific softwares, tissue deformation is expressed as
color variation on the ultrasound and may be n useful
tool, particularly for the study of breast lesions based
on the assumption that malignant lesions tend to be
5-10 times more rigid than benign (4-7).

This technique was first described by Jonathan
Ophir et al. (4) during the 1990s. Currently, there are
two main research lines to determine ultrasound elas-
tography clinical applicability. The first line of
research is based on the assessment of the mass size
before and after compressing the target areas with the
use of a software that makes soft lesions appear
lighter and rigid lesions appear darker, and in which
malignant lesions tend to appear more evident than
the benign lesions (5,6). The other research line is
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based on the use of a software that applies a different
color spectrum to tissues according to their rigidity,
ranging from red to soft tissues, green to intermediate
tissues, and dark blue to rigid tissues (Figs. 1 and 2)
(7). There is no consensus as to which is the best tech-
nique or a classification defining its clinical applica-
tion, which main limitations are the interobserver
variability described in previous studies and how com-
pression should be performed for the study.

In a recent study conducted at Santa Casa de
Misericordia de Sdo Paulo and Centro de Tomografia
Computadorizada (CTC-Génese) using the ultrasound
system Sonix SP (Ultrasonix Medical Corporation,
Vancouver, BC, Canada) with multi-frequency linear
probes of 5-14 MHz, and a special software designed
for the device, 256 lesions were evaluared based on
the color spectrum variability. Lesions were classified,
using a 4-point scoring system developed by the
authors, in two phases: during compression and after
decompression (almost static compressions). From 256
lesions, 215 were benign and 41 malignant; the posi-
tive predictive value was 81.8%, the negartive predic-
tive value was 97.17%, sensibility was 85.71%,
specificity was 96.26%, and the diagnostic accuracy
was 94.53%. When compared with conventional
ultrasound, a significant improvement in the ability of
observers to distinguish benign from malignant lesions
was observed (Fig. 3). Through the comparison of
images during compression and after decompression,
it is possible to create parameters to compare the
behavior of target lesions with the adjacent breast tis-
sue. The variation in lesion size seen during the study
was not considered a good diagnostic criterion as the
margins were not well defined during the dynamic
study and this was believed to have contributed for
the interobserver varability described in  previous
series.

The main application of elastography is in the com-
plementary study of undetermined masses, usually
classified as BI-RADS 3, which mainly comprise com-
plicated cysts, fibroadenomas, and carcinomas with
atypical appearance. These lesions are often source of
anxiety, stress, and fear for patients who frequently
end up choosing to have a biopsy to histologically

[T[Bl 1] | [7]

hﬂ

Journal Name

5B
Manuscript No.

Dispatch: 8,609
Author Recdved:

Journal: TH | CE Stmil
No. of pages: 1 | PE: Karpagavall




COLOUR

2 & LETTER TO THE EDITOR

Artigos 23

3

——elastography
B-Mode

Sensitivity

&

Q f s L | L
0 20 40 &0 a0 100
100-Speck leity

Figure 3. ROC curve for elastography scores and conventional
USG. Receiver operating characteristic curves for elastography
and conventional US. The assessment of the risk of malignancy
improved when elastography imaging was available (p = 0.026).

confirm the benign nature of the lesion. This leads to
a significant increase in the costs of breast screening
lesion programs. It is estimated that ~1 million biop-
sies were performed in the United States in the year of
2001 and in 80% of these cases the result was benign
{9). And from 2003 to 2005, the proportion of percu-
taneous biopsies increased from 13% to 48%,
whereas the proportion of open biopsies decreased
from 88% to 52% (10).

Clinical trials have shown that elastography is a
useful tool to distinguish benign from malignant
lesions. The use of the color variation classification
method during compression and after decompression
combined with the use of the BI-RADS lexicon classi-

Figure 1. Example of benign lesion. Benign
sample during (a) compression and (b) after
decompression (with zoom). The histological
result was fibroadenoma in a 40-year old
woman. Biopsy samples obtained by core-

EXiopsy.

Figure 2. Example of malignant  lesion.
Malignant sample in the (a) compression pro-
cess and (b) after decompression. Histologh
cal diagnosis of an invasive ductal carcinoma
in a 35-year old pregnant woman. Biopsy
samples obtained by core-biopsy.

fication may contribute to reduce the number of
unnecessary breast biopsies.
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Abstract

Prova para conferéncia
Apresentacao das lesdies mamarias cisticas
a ultra-sonografia utilizando a elastografia®

Features of cystic breast lesions at ultrasound elastography

Eduardo de Faria Castro Fleury', José Francisco Rinaldi?, Sebastido Piato®,
José Carlos Fleury®, Décio Roveda Jr.®

OBJETIVO: Demonstrar a apresentacdo mais freqgliente das lesGes mamarias cisticas utilizando a elastogra-
fia e discutir a sua aplicabilidade. MATERIAIS E METODOS: A casuistica compds-se de 150 pacientes enca-
minhadas para realizac@o de biopsia mamaria percutanea com 175 lesdes. Foram excluidas as lesGes com
diagnéstico histolégico de lesdes sélidas (153 lesGes) e incluidas as lesdes com caracteristicas cisticas a
histologia (22 lesées), incluindo cistos complicados, lesdes papiliferas, lesdes inflamatorias, hiperplasia de
células colunares tipica e ectasia ductal. Estas lestes foram classificadas de forma retrospectiva por meio da
elastografia, conforme escores criados pelos autores, variando de 1 a 4. RESULTADOS: Das 22 lesdes en-
caminhadas, 13 (59%) correspondiam a cistos, uma (4,6%) a ectasia ductal, duas (9,2%) a les6es inflama-
torias, cinco (22,6%) a lesdes papiliferas e uma (4,6%) a hiperplasia de células colunares. Foram encontra-
dos 17 escores 2, quatro escores 3, um escore 4 e nenhum escore 1, com especificidade de 95%. CONCLU-
SAO: As lesdes cisticas mamarias tém diferentes apresentacdes a elastografia, conforme o resultado histo-
légico, sendo este um método Util para a sua diferenciacédo e de facil aplicabilidade na clinica diaria.
Unitermos: Cisto mamario; Ultra-som; Mama.

OBJECTIVE: To demonstrate the most frequent features of cystic breast lesions at ultrasound elastography,
discussing the applicability of this method. MATERIALS AND METHODS: The present casuistic included 150
patients referred for percutaneous breast biopsy of 175 lesions. Histologically diagnosed solid lesions (153
lesions) were excluded; lesions histologically diagnosed as cystic (22 lesions), including complicated cysts,
papillary lesions, inflammatory lesions, typical columnar cell hyperplasia and duct ectasia were retrospectively
classified by means of elastography, according to a scoring system developed by the authors, with categories
ranging between 1 and 4. RESULTS: Thirteen (59%) of the 22 lesions evaluated corresponded to cysts, one
(4.6%) to duct ectasia, two (9.2%) to inflammatory lesions, five (22.6%) to papillary lesions, and one (4.6%)
to columnar cell hyperplasia. The scoring system was applied with the following results: 17 category 2 lesions,
four category 3 lesions, one category 4 lesion, and none category 1 lesion, with 95% specificity. CONCLUSION:
Different features of cystic breast lesions are demonstrated by elastography according to histological results,
representing a useful and easily applicable method for differentiating benign from malignant breast lesions.
Keywaords: Breast cyst; Ultrasonography; Breast.

Fleury EFC, Rinaldi JF, Piato S, Fleury JC, Roveda Jr D. Apresentacdo das lesdes cisticas & ultra-sonografia utilizando a
elastografia. Radiol Bras. 2008;41(3):?7?2-27?7.
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A ultra-sonografia mamaria foi difun-
dida na década de 80 como método auxi-
liar na diferenciagdo de lesdes mamarias
solidas de cisticas, auxiliando no diagnos-
tico de nodulos mamarios caracterizados a
mamografia®. A partir da década de 90,
com a infrodugdo de sondas de maior fre-
qiiencia, a ultra-sonogratia proporcionou
ndo sé diferenciar as lesoes solidas de cis-
ticas, como realizar uma analise criteriosa
das lesoes encontradas, firmando-se como
método adjuvante no arsenal propedéutico
da mama, até os dias atuais, quando € pro-
posto por alguns autores como estudo de

0100-3984 © Colégio Brasileiro de Radiologia e Diagnéstico por Imagem

lheres jovens que apresentaram mamas
densas na mamografia (categorias de tecido
pelo Iéxico BI-RADS™ 3 g 4)3%

Um dos problemas decorrentes da difu-
sao do ultra-som como método de rastrea-
mento nestas pacientes foi a visualizagao
de novas alteragdes no tecido mamario que
geralmente ndo estdo relacionadas com
malignidade. Muitos nodulos, que muitas
vezes ndo eram visualizados, passaram a
ser vistos, geralmente associados com be-
nignidade, como a presenga de cistos com
conteudo espesso (cistos complicados).
Estes cistos apresentam dificuldade na dis-
tingao, apenas pelo estudo convencional,



de nodulos solidos verdadeiros, cujas con-
dutas sdo diferentes, e sdo geralmente clas-
sificados como nodulos indeterminados,
causando ansiedade nas pacientes, que aca-
bam optando pela realizagdo de bidpsias
mamarias diagnésticas®®.

U dos grandes desafios da ultra-sono-
grafia é promover a distingao destas duas
enfidades sem acarretar aumento de custo
ou de realizagdo de procedimentos inter-
vencionistas. Estudos vém sendo realiza-
dos de métodos complementares a ultra-
sonografia que poderiam melhorar a sua
acuracia, como o Doppler-fluxométrico, o
desenvolvimento de imagens harmonicas,
a elastografia e o estudo por meio do fré-
mito 1%,

Este estudo vem demonstrar a apresen-
tagdo pela elastografia, por intermedio da
classificagao criada pelos autores, das mais
diversas lesdes cisticas encontradas em um
estudo ultra-sonografico em pacientes que
foram encaminhadas ao servigo para a rea-
lizagéo de bidpsias diagnosticas, e discutir
a sua aplicabilidade clinica.

MATERIAIS E METODOS

Este estudo foi aprovado pelo Comité
de Ftica Institucional, retrospectivo, reali-
zado no Servigo de Diagnostico por Ima-
gem da Santa Casa de Misericérdia de Sao
Paulo, sendo avaliados os resultados his-
tologicos de 150 pacientes com idade mé-
dia de 45 anos (variagao entre 24 e 70 anos)
que apresentavam 170 lesdes ao estudo
ultra-sonogréafico convencional, encami-
nhadas para a realizagao de biopsia mama-
ria percutanea ao Centro de Tomografia
Computadorizada, no periodo de 1° de
maio a 30 de julho de 2007. O diametro
médio das lesdes foi de 1.4 cm (mediana
de 1.2 cm, variagéo de 0,5 cm a 3.2 cm).

Foram excluidas 130 pacientes com 148
lesdes que se apresentaram exclusivamente
solidas a histologia. Foram incluidas 20
pacientes com 22 lesoes que tiveram resul-
tados histologicos de lesdes puramente cis-
ticas (como cistos complicados), lesdes
inflamatérias e ectasia ductal, ou cisticas
associadas a componentes solidos, como
lesdes papiliferas e hiperplasia de células
colunares tipicas, provenientes de 17
(91,9%) bidpsias por fragmento e 5 (8,1%)
localizagoes pré-operatorias via reparo.

Fleury EFC et al.
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Diagnostico patologico

Os materiais obtidos foram encaminha-
dos para estudo histoldgico e foram anali-
sados por uma patologista especialista em
lesdes mamarias, com experiéncia de 17
anos. As lesdes foram divididas em cistos,
lesdes papiliferas, lesoes inflamatorias,
hiperplasia de células colunares tipica e
ectasia ductal™1?,

Equipamento

Tanto o estudo convencional como a
elastografia foram realizados pelo mesmo
radiologista, com seis anos de experiéncia
em imaginologia mamaria, utilizando um
sistema de ultra-som Sonix SP (Ultrasonix
Medical Corporation; Vancouver, Canada)
com senda multifreqiiencial linear de 5
MHz a 14 MHz.

Para o estudo da elastografia foi utili-
zado software especial para o aparelho da
Ultrasonix, versao 3.0.2 (Betal). cujos di-
reitos de utilizagao experimental para a
pesquisa foram concedidos ao autor prin-
cipal durante o periodo de estudo.

Nenhuma paciente deste estudo preli-
minar apresentou reagdes adversas ao mé-
todo.

Técnica

Primeiramente, foi realizado o estudo
convencional das mamas, com as pacien-
tes posicionadas em decubito dorse-hori-
zontal e as maos sob a cabeca, obtendo-se
imagens no modo B e Doppler colorido,
para avaliacao de vascularizagao dos nodu-
los, seguindo os critérios do léxico BI-
RADS. As medidas foram realizadas pelo
modo B nos eixos longitudinal e antero-
posterior, considerando para a analise a
maior medida.

Logo apds o estudo convencional foi
realizada a elastografia, com a paciente na
mesma posigao do primeiro estudo e com
o transdutor orientado perpendicularmente
a lesdao. Antes de sua execugdo foram rea-
lizadas compressoes sobre a lesdo, para
certificar o ndo-deslocamento lateral des-
ta. Apos ativar a elastografia realizaram-se
compressoes e descompressdes seriadas na
area de interesse, compressdes nao-supe-
riores a 1% da espessura total da mama,
sendo que o examinador pode monitorar
em tempo real o comportamento da forca
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aplicada. A area de estudo selecionada in-
cluiu desde o tecido celular subcutaneo até
o musculo peitoral e as adjacéncias do no-
dulo por até 0,5 cm. Apds a obtengao das
imagens foi realizada reavaliagdo do estu-
do por meio do cinememory. O tempo de
exame elastografico ndo excedeu a cinco
minutos.

Analise ultra-sonografica

A analise do estudo ultra-sonogratico
convencional foi realizado utilizando cri-
térios de acordo com o léxico BI-RADS, no
qual nédulos anecéides com bordas cir-
cunscritas e imperceptiveis e com reforgo
actstico posterior sdo classificados como
cistos simples™; cistos complicados,
quando o contetido interno & homogeneo,
de paredes pouco espessadas, com finos
débris em suspensio ou finos septos de
permeio e refor¢o aciistico posterior; lesdes
indeterminadas, quando o contetido € ho-
mogéneo e com finos ecos de permeio, sem
reforgo aclistico posterior evidente e sem
a diferenciacao de bordas; lesoes cisticas
complexas, quando apresentam septos
grosseiros, maiores que 0,5 mm ou quando
apresentam nodulo mural ocupando menos
que 50% do cisto; nodulos, quando o com-
ponente solido é superior a 50% do com-
ponente cistico.

Nao foi considerado nenhum cisto de
aspecto simples neste estudo, devido a re-
comendagao do léxico BI-RADS de clas-
sifica-los na categoria 24419,

Classificacao pela elastografia

A elastografia consiste na variagao do
espectro de cores conforme a elasticidade
dos diversos tecidos presentes em uma
amostragem ultra-sonografica, em que o
vermelho é referente a tecidos mais macios,
como a gordura, o amarelo e o verde para
tecidos intermedidrios, e o azul para teci-
dos rigidos, como lesoes hipercelulares ou
com intensa fibrose (Figura 1)19.

A classificagdo elastogratfica proposta
incluiu quatro escores conforme a variagao
da cor durante a compressdo e apos a des-
compressdo da area de interesse. O escore
1 foi dado as lesdes que apresentaram o
mesmo espectro de cores do tecido mama-
rio circunjacente. O escore 2 foi dado as
lesdes que, apods a descompressao, mostra-
ram variagao de cor para mais macia abran-

Radiol Bras. 2008 Mai/Jun;41(3):2??-22?
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Figura 1. Amostra de tecido mamdrio normal ao modo convencional (imagem da esquerda), utilizando a elastografia durante a compressao (imagem central)
e apds a descompressao (imagem da direita). As pontas das setas demonstram tecido fibroadiposo, a seta aponta para o tecido glandular normal e a seta

curva demonstra a musculatura peitoral.

Quadro 1 Classificacdo pela elastografia por meio de escores conforme apresentacao pelo espectro de cores durante a compressao da amostra e apds a

descompressao.
Escore Durante a compressao Descompressao Resultado

1 Cor semelhante ao tecido normal Cor semelhante ao tecido normal Benigno

2 Variagao entre amarelo para azul esver- Variagao de cor para mais macia em mais Benigno
deado de 50% do nédulo

3 Variagao entre azul esverdeado para azul Variagao de cor para mais macia entre 10% Baixa probabilidade de malignidade
escuro e 50% do nédulo

4 Geralmente azul para azul escuro Sem variagao significativa Alta probabilidade de malignidade

gendo mais que 50% do nodule, ou seja,
apos a descompressao uma area superior a
metade do nodulo apresentou coloragio va-
riando pela escala de verde a vermelho. O
escore 3 foi dado as lesoes que, apos a des-
compressdo, apresentaram variagao de cor
em menos de 50% da area do nodulo (en-
tre 10% e 50%), geralmente na periferia
deste, variando de amarelo para verde pela
escala de “cores”. Por fim, o escore 4 foi
dado as lesoes que ndo tiveram variagao
significativa na cor durante a compressao
e a apos descompressao, permanecendo
azul nas duas imagens. Foram considera-
dos benignos os escores 1 e 2, baixa pro-
babilidade de malignidade o escore 3 e alta
probabilidade de malignidade o escore 4
(Quadro 1).

RESULTADOS
Diagnéstico patologico
Das 22 lesdes apresentadas, 13 (59%)

correspondiam a cistos apocrinos, uma
(4.6%) a ectasia ductal, duas (9,2%) a le-

Radiol Bras. 2008 Mai/Jun;41(3):22?-?2?

Tabela 2 Apresentagdo ultra-sonogréfica das lesdes cisticas conforme o resultado histolégico.

Ultra-sonografia

Nédulos Cistos Cistos

Resultado histologico indeterminados ~ complicados ~ complexos  Total
Cistos 13 - - 13
Ectasia ductal - 1 - 1
Inflamatdrio - 2 - 2
Lesoes papiliferas 3 - 2
Hiperplasia de células colunares - - 1 1
Total 16 3 3 22

soes inflamatorias, cinco (22,6%) a lesdes
papiliferas e uma (4,6%) a hiperplasia de
células colunares.

Apresentacio ultra-sonografica

Dos 13 cistos apocrinos, todos se apre-
sentaram como nodulos indeterminados. A
ectasia ductal e as duas lesoes inflamato-
rias apresentaram-se como cistos compli-
cados. Das cinco lesoes papiliferas, trés
(60%) apresentaram-se como nodulos in-
determinados e duas (40%) como cistos
complexos, e a hiperplasia de células co-

lunares apresentou-se como cisto comple-
x0 (Tabela 1).

Apresentaciio a elastografia

Dos 13 cistos apocrinos, todos foram
classificados como escore 2 (Figura 2). A
ectasia ductal e as lesoes mflamatorias tam-
bém foram classificadas como escore 2.
Das cinco lesoes papiliferas, uma foi clas-
sificada como escore 2 e as outras quatro
como escore 3 (Figura 3). Ja a hiperplasia
de células colunares foi classificada como
escore 4 (Figura 4; Tabela 2).
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Figura 2. Exemplo de escore 2 pela elastografia. Nodulo indeterminade ao modo convencional (imagem da esquerda), utilizando a elastografia durante a
compressao (imagem central) e apos a descompressao (imagem da direita). Durante a compressao observa-se coloragao central do nodulo azul-esverdeada;
apos a descompressao observa-se o preenchimento de quase a totalidade do nodulo com coloragdo esverdeada.

Figura 3. Exemplo de escore 3 pela elastografia. Cisto complexo ao modo convencional (imagem da esquerda) utilizando a elastografia durante a compressao
(imagem central) e apos a descompresséo (imagem da direita). Durante a compressao observa-se coloracéo esverdeada na area cistica periférica e azulada
no nédulo mural; apés a descompresséo, observa-se a alteracao da area cistica para vermelho enguanto o nédulo mural apresenta alteragéo de cor em cerca
de 10-50% para azul-esverdeado.

Figura 4. Exemplo de escore 4 pela elastografia. Cisto complexo ao modo convencional (imagem da esquerda) utilizando a elastografia durante a compressao
(imagem central) e apés a descompresséo (imagem da direita). Durante a compressao observa-se coloragéo central do cisto como azul escuro/enegrecido e
a parte sdlida mural apresenta-se como azul. Apds a descompressao, observa-se a permanéncia da por¢éo central como azul escuro/enegrecido e a parte
solida mural néo apresenta alteracdes significativas. Nota-se ainda a mudanca do componente cistico na borda inferior do nédulo, que apresentou variagao
de cor durante a compressao e apés a descompresséo.

Tabela 3 Apresentacédo pela elastografia das lesdes cisticas conforme o resultado histolégico. DISCUSSAO
Escores da elastografia Hi mais de uma década o método da
Resultado histolégico 1 2 3 4 Total elastografia vem ganhando bastante aten-
- ¢ao para o estudo de tecidos moles, com a
Cistos - 13 - - 13 . .
) perspectiva clinica de poder detectar pre-
Ectasia ductal - 1 - - N .
- cocemente lesoes que determinem altera-
Inflamatério - 2 - - 2 - .. . .
. - ¢oes patologicas nos tecidos, proporcio-
Lesoes papiliferas - 1 4 - 5 o
- ) ) nando tratamento adequado para as lesdes
Hiperplasia de células colunares - - - . .
existentes e melhorando o prognostico da
Total - 17 4 1 22

paciente™”. As informagdes adquiridas sio

4 Radiol Bras. 2008 Mai/Jun:41(3):7??2-72?
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semelhantes as obtidas com a palpagao
manual, porém mais sensiveis e menos
subjetivas™®,

O estudo pioneiro, realizado em 1991
por Ophir et al “%_ propunha classificar os
nodulos segundo a variagdo elastica, par-
tindo do principio que lesdes benignas
eram mais moles, enquanto a maioria das
malignas era mais rigida. As imagens elas-
tograficas eram obtidas pela comparacao
de imagens antes e apos a compressao do
tecido mamario. A partir de entdo, vérios
trabalhos vém sendo publicados, porém
sem nenhuma padronizagao de técnica ou
classificagao, a maioria utilizando apenas
acomparagao de immagens pre e apds a com-
pressao.

No entanto, nenhum trabalho descreve
os achados nas alteragoes cisticas da mama,
que por muitas vezes podem criar anguis-
tia semelhante nas mulheres as de nodulos
malignos, sendo que geralmente estdo as-
sociadas a lesdes benignas ou com baixo
potencial de malignidade. Muitas destas
lesdes sdo interpretadas, no método con-
vencional, como nodulos indeterminados,
sendo necessario acompanhamento preco-
ce, e invariavelmente acaba-se por realizar
bidpsias diagnosticas desnecessarias™®.

As lesoes cisticas simples tém aspectos
caracteristicos ao ultra-som, apresentando-
se como nodulo circunscrito, de paredes
imperceptiveis, com contetido anecoide e
reforco actistico posterior, classificados
como BI-RADS 2, enquanto as lesoes so-
lidas se apresentam normalmente como
nodulos ovoides, circunscritos, com orien-
tacao paralela a pele, classificados como
BI-RADS 3. No entanto, nem todas as le-
sOes cisticas tém a mesma apresentagao;
algumas sdo de dificil distingdo em relagéo
a nodulos sdlidos, principalmente quando
apresentam contetido de liquido espesso no
seu interior, por vezes com finos débris em
suspensdo, e sdo classificadas como nodu-
los indeterminados. Por terem baixo poten-
cial de malignidade (cerca de 2%), o acom-
panhamento precoce é recomendado como
seguimento, porém de forma controversa e
sem muito consenso. O protocolo de acom-
panhamento precoce mais utilizado ¢ um
novo estudo em um prazo de seis meses,
direcionado a area parcialmente obscure-
cida a mamografia, e no caso de lesoes
ocultas a mamografia, ¢ apenas realizada a

Radiol Bras. 2008 Mai/Jun;41(3):?2?-?2?

Prova para conferéncia

ultra-sonografia. O proximo estudo de
acompanhamento ¢ realizado decorridos 12
meses do primeiro exame, porém sendo
realizadas mamografia bilateral e ultra-so-
nografia das mamas, ja que um ano € o
prazo do rastreamento para o cancer de
mama, sendo seguido por outro estudo
apos um ano deste tltimo. Decorrido este
periodo de dois anos, se a lesdo permane-
ceu estavel, a categoria final do BI-RADS
¢ alterada para 2. Casos que apresentem
aumento das dimensoes em cerca de 10%
do didmetro inicial ou que apresentem al-
teragdo em suas margens sdo recomenda-
dos para a realizagdo de bidpsia percuta-
nea™>” . Porém, para alguns autores, um
nodulo sélido caracterizado apenas pelo
ultra-som tem indicagdo de realizar biop-
sia diagnostica, ja que o ultra-som ndo per-
mite diferenciar lesoes benignas de malig-
nas®®. Acredita-se que esses achados inci-
dentais a ultra-sonografia aumentam o nu-
mero de bidpsias negativas®??,

Jé os cistos complexos tém consenso
quanto a realizagao de biopsia diagnéstica,
tendo como padrao-ouro a bidpsia excisio-
nal cirtirgica. Com a introducdo da bidpsia
assistida a vacuo para o diagnostico de le-
soes mamarias, esta passou a ter espago no
diagnostico em tais lesdes por ser de facil
realizagao, ambulatorial e com baixos in-
dices de complicacoes. Nesses casos a ima-
gem ultra-sonografica pelo modo B & de-
terminante para a conduta a ser adotada
quando utilizados critérios descritivos se-
guindo o léxico BI-RADS. Nessas situa-
¢oes ha pouca controvérsia quanto a con-
duta a ser adotada®.

Para minimizar essa limitacao do ultra-
som, foi tentada a utilizagdo de estudo
Doppler-fluxométrico complementar e do
uso de imagens harmonicas pelo modo-B,
porém sem determinar incremento signifi-
cativo em relagao ao estudo convencional.
Em estudos recentes utilizando um método
chamado de frémito, no qual se avalia a res-
posta do contetido interno do cisto a ener-
gia actistica criada pelo transdutor de ultra-
som detectada pelo método Doppler, as
lesdes cisticas apresentavam resposta ao
Doppler, enquanto as solidas nao. Esta ain-
da sendo realizado de forma experimental
e com poucos trabalhos publicados, mas
pode vir a auxiliar na diferenciagao desses
nédulos indeterminados”.

A elastografia, que idealmente foi intro-
duzida ao estudo ultra-sonografico para a
diferenciacao de lesoes mamarias benignas
de malignas, pode ser utilizada também
para a diferenciacao de lesoes solidas de
cisticas, tendo em vista que a elasticidade
do cisto € maior que a do parénquima ad-
jacente. Pode ainda ser 1itil para auxiliar na
avaliagdo de cistos complexos, principal-
mente quando ha nodulo mural, proporcio-
nando determinar a rigidez desse nodulo.
Neste estudo fo1 observado que todos os
cistos diagnosticados histologicamente ti-
nham apresentacao ultra-sonografica como
nodulos indeterminados, e pela elastogra-
fia se apresentaram como escore 2, benig-
nos. Os cistos com contetdo inflamatério
¢ a ectasia ductal tinham apresentagdo ul-
tra-sonografica como cistos complicados,
e a elastografia apresentaram-se também
como escore 2. Essas lesoes tinham baixa
possibilidade de serem malignas e as biop-
sias poderiam ter sido evitadas se fossem
consideradas as apresentagoes pela elasto-
grafia associadas ao ultra-som.

Das lesoes papiliferas, trés (60%) se
apresentaram como nodulos indetermina-
dos e duas (40%), como cistos complexos
ao estudo convencional; pela elastografia,
uma (20%) apresentou escore 2 e as outras
quatro (80%), escore 3. A lesdo que apre-
sentou escore 2 pela elastografia tinha apre-
sentagdo ultra-sonografica como nodulo
indeterminado e media 0.5 cm no maior
eixo. Esta lesdo seria considerada como
benigna pela elastografia e a paciente retor-
naria para o sereening mamario, realizando
o exame em um ano. No entanto, esta lesdo
foi submetida a excisao cirlirgica, que con-
firmou a sua benignidade. Das outras qua-
tro (80%) lesdes com baixa suspeita de
malignidade a elastografia, escore 3, duas
(50%) foram submetidas a excisdo cirirgi-
ca, que confirmou a benignidade, e para as
outras duas (50%) optou-se pelo acompa-
nhamento, ja que eram lesdes estaveis por
mais de dois anos.

J4 a hiperplasia de células colunares ti-
pica revelou-se como cisto complexo pelo
estudo ultra-sonografico e como escore 4
a elastografia, indicando potencial de ma-
lignidade. Fo1 igualmente submetida a ex-
cisdo cirtirgica, que confirmou a origem be-
nigna pela histologia, ou seja, fo1 o resul-
tado falso-positivo encontrado pelo estudo.
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Figura 5. Cisto complicado ao modo convencional (imagem da esquerda) utilizando a elastografia durante a compressao (segunda imagem), apés a descom-
pressao (terceira imagem) e apds compressao inadequada (imagem da direita). O cisto apresenta tipicamente o escore 2 pela elastografia, compativel com
benignidade. Notar que guando a forga € feita de forma inadequada, a area cistica se apresenta enegrecida, sugerindo lesao solida, provavelmente devido a
tensao superficial do liquido.

Uma das limitagoes do estudo de lesoes
cisticas pela elastografia € a quantidade de
forga utilizada para as compressoes seriadas:
quanto maior a forga, aumenta-se a tensao
superficial do liquido interno, determinan-
do apresentagdo como solida pelo espectro
de cor (Figura 5). A vantagem € que, por ser
um metodo em tempo real, o examinador
pode medir a sua for¢a durante a realiza-
¢do do exame e adequar-se para os diferen-
tes tipos de mama e de lesdes a serem es-
tudadas. Esse aumento da tensao superfi-
cial do liquido intracistico pode também ser
observado em lesoes secretoras, como no
caso da hiperplasia de células colunares e
também em alguns cistos inflamatorios.

Estudos estao sendo realizados pelos
autores para demonstrar a sensibilidade,
especificidade e acuracia diagnostica da
elastografia, utilizando os critérios propos-
tos pelos autores. Em dados preliminares
em 170 nodulos encontrou-se valor predi-
tivo positivo de 80%, especificidade de
97,5% e acuracia diagnostica de 97,7%
para a classificagao proposta.

Este estudo veio demonstrar que a elas-
tografia pode auxiliar no diagnostico de
lesoes mamarias cisticas, confirmando a
sua etiologia, e que, com a sua utilizagdo
na rotina clinica, poderia reduzir o niimero
de biopsias desnecessarias e de acompa-
nhamento de nodulos indeterminados pelo
método convencional. Poderia também ser
empregado como estudo complementar em
cistos complexos para a avaliagdo de seu
contetido interno, porém nao contra-indi-
caria a realizagéo de biopsia diagnostica, ja
que nestes casos deve-se sempre valorizar
os achados ao modo B.
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APPEARENCE OF BREAST MASSES ON
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BREAST

Appearence of breast masses
on sonoelastography with special focus
on the diagnosis of fibroadenomas

Abstract The aim of this study was to
show and correlate the imaging fea-
tures of breast masses, especially
fibroadenomas, using sonoelastogra-
phy. Two hundred thirty-five patients
with 302 breast lesions referred for
core needle biopsy participated in the
study. All lesions appearing as solid
masses on conventional US were
included. Out of the included lesions
(270), 115 (42.6%) corresponded to
histologically confirmed fibroadeno-
mas and 155 (57.4%) to lesions with
histologically confirmed diagnoses
other than fibroadenomas. These were
further subdivided into fibrocystic
changes, lesions with low malignancy
potential, and malignant lesions. Fi-
broadenomas were also divided ac-
cording to histological presentation
into three subgroups to allow com-
parative study based on elastographic
scores. All lesions were classified
using a four-point scoring system

Introduction

based on ultrasound elastography
imaging characteristics. Different
presentations were observed for elas-
tographic scores according to histo-
logical presentation of fibroadenomas,
whereby fibroadenomas with benign
characteristics tended to have elasto-
graphic classification similar to fibro-
cystic changes, and complex and
hypercellular fibroadenomas had
classifications similar to harder le-
sions. Fibroadenomas are generally
classified as category 3 in the BI-
RADS® lexicon and are the most
commonly found lesions in breast
biopsies. Sonoelastography can pro-
vide additional information to con-
ventional studies and be used as an
auxiliary tool in assessing these
masses in clinical practice.

Keywords Ultrasound - Breast -
Fibroadenoma - Elastography

However, in our practice many patients diagnosed with

The criteria to classify lesions as probably benign using US
are applied to distinguish benign from malignant masses
[1-3]. Some studies have shown that for nonpalpable
lesions, a l-year mammographic follow-up can replace
biopsy with low rates of false-negative results and
consequently reduce costs of breast screening programs
[4-8]. Nevertheless, definite diagnosis is made by means of
surgical excision biopsy [5]. Alternative methods deemed
less invasive to confirm lesion origin include core needle
biopsy and fine-needle aspiration biopsy [3].

Published online: 22 January 2009

probably benign breast masses on US become distressed
and choose to seek a definite histological diagnosis. The
rate of false-negative histological results reported in the
literature for these lesions remains controversial [9]. In
the reports by Costantini et al. [10] and Zonderland et al.
[11], the positive predictive values (PPV) for BI-RADS®
category 3 lesions were 7.7% and 3.9%, respectively,
whereas Kim et al. [12] reported a PPV of only 0.8%. Hong
et al. [13] showed that 16 (9%) out of 172 masses described
as both oval and circumscribed on US proved to be malignant
on final histology. The most commonly found malignant
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lesions with benign US appearance are medullary carcinoma,
mucinous carcinoma, and papillary carcinoma.

Sonoelastography (SE) study represents an extension of
the most ancient tool used in medicine, i.e.. palpation,
where the physician assesses the shape and rigidity of the
target organ [14, 15]. Recent studies have shown that SE
does not provide any further significant information (o
differentiate benign masses from malignant masses com-
pared with conventional US, particularly within centers
specialized in breast diagnostics. However, SE represents a
simple, fast, and non-invasive diagnostic method that may
be a useful complement to US for less experienced
radiologists in assessing solid non-palpable breast lesions,
especially BI-RADS®™ 3, where specificity has proven
higher (88.7%) [15].

Fibrous breast lesions are commonly seen in clinical
practice. They are usually classified as indeterminate
lesions on ultrasound (US) examination and categorized
as BI-RADS® ultrasound lexicon category 3. Fibroadeno-
mas are composed of stromal and glandular elements and
are the most common of these lesions [16]. Gokalp et al.
categorized lesions as probably benign (BI-RADS® 3)
when lesions showed typically benign features, such as
ovoid, round, or macrolobulated shape, parallel orientation
to the skin, circumscribed margins, and/or abrupt interface
with the normal parenchyma [17].

Fibroadenomas usually arise in the terminal ductal-
lobular unit of the breast gland and can be divided into two
groups based on the relationship between the breast stroma
and the epithelial structures: (1) pericanalicular fibroade-
nomas, which consist of intact round/oval gland spaces
arranged in single or multiple cell layers and concentric
arrangement of the adjacent stroma, and (2) intracanalic-
ular fibroadenoma, in which the stroma undergoes more
active proliferation, causing compression of the gland
tissue and reduction of the lumen. The presentation of
fibroadenomas in clinical practice is variable where these
two types of fibroadenomas may coexist and also present
different stromal characteristics, such as mucinous or
myxoid changes, and marked hyalinization or calcification
in older patients [18]. Fibroadenoma is the most common
breast lesion in patients under 30 years of age and most
often occurs as a single, movable, oval-shaped mass with
lobulated contours, measuring from less than | cm up to
giant forms of 10 to 15 cm [19].

Clinical, US, and histological features of fibroadenomas
may vary widely from movable masses predominantly
consisting of mucinous and myxoid elements, to firm
masses with high cellularity lesions and stromal fibrosis.
These lesions may also vary according to patient age and
hormonal status.

The objective of the present study was to compare the
presentation of fibroadenomas according to elastography
scores with other types of breast lesions, to propose that
sonoelastography (SE), used with specific software, be
employed as an auxiliary tool to assess the behavior of the

different forms of fibroadenoma presentations, and to
establish different approaches for follow-up, according to
their elastographic features.

Materials and methods

This study was conducted at Santa Casa de Misericordia de
Sdo Paulo, Brazil. A total of 235 patients with 302 breast
lesions referred to the Breast Intervention Service of CTC-
Génese for ultrasound-guided percutaneous breast biopsy
were studied retrospectively from April to December 2007.
The study was approved by the Institutional Review Board
and Ethics Committee, and informed consent forms were
signed by all patients.

The first ten patients were excluded from the trial and
considered as the learning curve for the method. The results
of the percutaneous biopsy were benign for these patients.
Fifteen additional patients with 22 lesions were excluded
due to the presence of non-mass lesions, with focal
asymmetry and architectural distortions on the ultrasound.
All mass lesions according to the BI-RADS® lexicon were
included in the study.

Patient characteristics

Patients included in the study (210) had a mean age of
44 8 years (range 21-89 years). Forty-eight (22.8%) had a
history of previous breast surgery for benign lesions, while
43 (20.4%) had familial antecedents of breast cancer.
Patients referred for biopsies came from other services and
had masses previously categorized by the BI-RADS®
lexicon criteria, where 137 (50.7%) were BI-RADS® 3,
125 (46.3%) Bi-RADS®™ 4, and 8 (3.0%) BI-RADS®™ 5
(Table 1).

Equipment

Both the conventional and elastographic studies were per-
formed by two radiologists with 6 and 17 years of experience
in breast imaging, respectively. Examinations were per-
formed using a Sonix SP (Ultrasonix Medical Corporation,
Vancouver, Canada) US system and a 5-14-MHz multi-
frequency linear probe. For the elastography study, special
software was used for the Ultrasonix system, version 3.0.2
(Betal), upgraded to the commercial version 2.6.

Elastographic study

The elastographic study was performed with the patient
lying in the same position used for conventional US
examination (B-mode) and with the transducer positioned
perpendicular to the region of interest (ROI). Before the
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Table 1 BI-RADS® lexicon classification of lesions referred for percutaneous breast biopsy based on histology

Histology BI-RADS®™ 3 BI-RADS®™ 4 BI-RADS® 3 Total
n n n n
Fibrocystic changes 61 29 0 90
Fibroadenomas 65 48 2 115
Low malignancy potential 7 13 1 21
Carcinomas 4 35 3 44
Total 137 125 8 270

examination, the target lesion was repeatedly compressed
to ensure there was no lateral shift. After the activation of
elastography, continuous manual compression was applied on
the target region perpendicularly to the pectoral muscle until
tissue resistance was detected. When resistance was felt,
manual pressure was interrupted, allowing spontancous
decompression of the breast parenchyma. The study area
comprised the region from the subcutaneous tissue to the
pectoral muscle and also the margins of the mass up to 0.5 cm.

The elastographic imaging technique used comprises
three phases: step 1, tissue is imaged with and without light
compression, and RF data lines are acquired in the ROIL;
step 2, a displacement is estimated between every two lines
of RF (radiofrequencies) data; step 3, a strain value for
every point in the ROI is estimated based on RF data
deformation. Each pixel of the elasticity image was
assigned 1 of 256 specific colors, depending on the
magnitude of strain. The scale ranged from red for
components with greatest strain (i.c., sofiest components)
to blue for those with no strain (i.e., hardest components).
Green indicated average strain in the ROIL The images

obtained through elastography are superimposed onto the
B-mode images.

The images acquired were assessed in real time through
“cinememory,” which allows retrospective evaluation of the
behavior of the mass during compression and after decom-
pression. Overall, studies took no longer than 2 min per lesion.

Elastographic classification

The elastographic classification adopted a four-point scale
according to the color variation during compression and
after decompression of the ROI (Fig. 1). Score 1 was
assigned to lesions presenting the same color spectrum of
the peripheral breast tissue. Score 2 was assigned to lesions
that after decompression presented variation to lighter
strains of more than 50% of the mass area when compared
to the image acquired during compression (Fig. 2). Score 3
was assigned to lesions presenting color variation of less
than 50% of the lesion area (between 10 and 50%) after
decompression (Fig. 3). Finally, score 4 was assigned to

“Score2”

“Score3” “Score4”

Compression

Decompression

Fig. 1 Breast mass classification using scores and the assessment of
color variation during compression and after decompression of the
breast tissue. Score 1: lesions that presented the same spectrum of
colors as the adjacent breast tissue; score 2: lesions that, after
decompression, had soft tissue color variations covering over 50%

of the lesion; score 3: lesions that, after decompression, presented a
color variation on less than 50% of the area (between 10% and
50%), usually around the margins, varying between yellow and
green on the color scale; score 4: lesions with no significant color
variation during compression and decompression
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Fig. 2 Example of score 2 on
B-mode (a), during compression
(b), after decompression (c), and
histology of the specimen (d).
Oval, circumscribed, hypoecho-
ic mass with parallel orientation,
classified as BI-RADS 3. In the
elastographic study, this lesion
was classified as score 2 with
mass color variation after de-
compression in more than 50%
of its area. The histological
study of the biopsy fragment
showed a marked collagen
component in the stroma of the
mass in a 31-year-old woman,
and therefore this was included
in group 2

Fig. 3 Example of score 3 on
B-mode (a), during compression
(b), after decompression (¢), and
histology of the specimen (d).
Oval, circumscribed, hypoecho-
ic mass with parallel orientation,
classified as BI-RADS 3. In the
elastographic study, this lesion
was classified as score 3 with
color variation after decompres-
sion in less than 50% of its area,
predominantly in the borders.
The histological study of the
biopsy fragment showed stromal
high cellularity and was classi-
fied as complex fibroadenoma
in a 29-year-old woman, and
therefore this was included in
group 3
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those lesions presenting no relevant color variation during
compression and after decompression of the parenchyma,
appearing blue in both images (Fig. 4) [20].

The classification employed by the authors was similar
to that proposed by Scaperrotta et al., except that images
during decompression periods were also exploited, images
that are less influenced by the manner in which compres-
sion is applied and therefore facilitate systematic execution
of the study [15].

The histological findings of the lesions were compared
to the elastographic classification. Scores | and 2 were
considered benign, score 3 probably benign, and score 4
indicated suspected malignancy. Percutaneous biopsy was
performed after the sonographic studies using a 14-G
needle attached to an automatic biopsy gun. The mean
number of cores obtained was 5.4 (3-9 fragments).

Histological examination and statistical analysis

The histological examination was performed by a pathol-
ogist with 17 years of experience in breast lesion exam-
ination. To allow comparisons, fibroadenomas were
divided into three groups: group 1, fibroadenomas with
typical appearance; group 2, fibroadenomas associated
with typically benign changes, such as large collagen

Fig. 4 Example of score 4 on
B-mode (a), during compression
(b), after decompression (¢), and
histology (d). Round, circum-
scribed mass with heterogene-
ous echotexture showing
posterior shadowing, classified
as BI-RADS 4. In the clasto-
graphic study, this lesion was
classified as score 4 with no
relative color variation observed
during compression and after
decompression. The histological
study of the biopsy fragment
showed typical fibroadenoma
features characterized by
marked intralobular stromal fi-
brosis, indicating extrinsic
compression of breast glands
reducing its lumen in a 56-year-
old woman. This lesion was
included in group 1

content in the stroma or associated to internal fibrocystic
changes; group 3, complex fibroadenomas, including high
cellularity fibroadenomas and fibroadenomas associated
with sclerosing adenosis. The histological findings of these
three groups were compared individually with the elastro-
graphic scores.

The elastographic behavior of the fibroadenomas was
also assessed according to their size (maximum diameter
<2.0 em or >2.0 em) and according to the ratio between
the lateral-lateral and anterior-posterior (LL/AP) dia-
meters, i.e.. fibroadenomas with LL/AP ratio <1.4 and
>1.4 [19].

In order to assess agreement between observers, a kappa
test according to the criteria described by Landis and Koch
was used for the retrospective study of the 115 masses. All
significance probabilities (p values) shown were two-sided,
and values below 0.05 were considered statistically
significant. The SAS 9.1.3 (Statistical Analysis System,
Cary, NC) software was used for the calculations.

For the purposes of comparing the behavior of elasto-
graphic scores of fibroadenomas with other lesions, the mean
and median scores of all biopsy masses were determined
according to the histological results and classified as 1 for
benign lesions or II for malignant lesions. The benign lesions
were divided into the following three subgroups according
to the most frequently obtained histological results: Ia,
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fibrocystic changes; Ib, fibroadenomas; Ic, changes with
low potential for malignancy, in which papillary lesions
and sclerosing adenosis were included.

In addition, the optimal cutoff point was determined
according to the Youden index (J) [21], ] = max[SE; + SP; -
1] for the proposed scores, where SE; and SP; are the values
for sensitivity and specificity, respectively, for all possible
cutoffpoints. According to Youden, the test with the lowest
sum of classification error ratios should be elected, ie.,
the test with the highest Youden index (with an ideal value
of 1).

Results

Using the proposed elastographic classification system to
evaluate the behavior of lesions other than fibroadenomas,
we observed that 90 (33.3%) lesions with fibrocystic
changes (la) presented mean and median scores of 2.1 and
2.0, respectively (SD, 0.64); 21 (7.8%) masses with low
potential for malignancy (Ic) presented mean and median
scores of 2.8 and 3.0, respectively (SD, 0.58); 44 (16.3%)
lesions corresponding to carcinomas (I1) presented mean
and median scores of 3.8 and 4.0, respectively (SD, 0.32;
Fig. 5; Table 2).

Fig. 5 Example of true-positive
result. B-mode study (a), so-
noelastography during com-
pression (b) and (c) after
decompression, and histology
(d). Small (0.7 cm), round, cir-
cumscribed mass with homoge-
neous echotexture classified as
BI-RADS 3. In the elastographic
study, this lesion was classified
as score 4, with no color varia-
tion observed during or after
decompression. The histological
study of the biopsy specimen
shows invasive ductal carcino-
ma associated with the ductal in
situ carcinoma area (inset) in a
36-year-old woman

Of the six (2.2%) false-negative results found, three
(50%) corresponded to invasive ductal carcinoma, two
(33.3%) to lobular carcinomas, and one (16.7%) to
medullar carcinoma (Fig. 6).

The optimal cutoff score identified for the proposed
classification was 3, which 1s the cutoff point correspond-
ing to the maximum value of the Youden index, yielding
sensitivity, specificity, and diagnostic accuracy of 88%,
98.2%, and 96.5%, respectively, for observer 1, and 86.2%,
95.5%, and 94.2%, respectively, for observer 2.

The area under the ROC curve for observer 1 was 0.965,
with standard error 0.0262, 95% confidence interval 0.919 to
0.988, and a significance level and P of 0.0001. Values for
observer 2 were standard error 0.023, 95% confidence interval
0.910 to 0.966 with a significance level and P of 0.0001.

No statistically significant interobserver difference was
observed at a significance level of 5%.

The mean age of the patients with fibroadenoma
diagnoses was 39 years (16-81 years); the mean of the
maximum diameter of lesions was 1.5 cm (0.5-5.2 cm), the
mean LL/AP ratio was 2.1, and the median was 2 (1-5.3).

When the findings of all 115 fibroadenomas were
analyzed together, 2 (1.7%) were scored as 1, 54 (47%)
were scored as 2, 57 (49.6%) were scored as 3, and 2 (1.7%)
were scored as 4. The mean score for fibroadenomas was
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Table 2 Histologic prevalence of breast carcinomas, correlated with true-positive and false-negative results according to elastographic
scores, where scores of 1, 2, and 3 were considered negative and a score of 4 as positive

Histology True positive False negative Total

n n n (%)
Invasive ductal carcinoma (IDC) 30 3 33 (75%)
IDC + ductal carcinoma “in situ” 1 0 1(2,3%)
Invasive lobular carcinoma (ILC) 6 2 8 (18.1%)
Tubular carcinoma 1 0 1(2.3%)
Medullar carcinoma 0 1 1(2.3%)
Total 38 (86.4%) 6 (13.6%) 44

2.5, and the median was 3, with a standard deviation (SD) of

0.60 (Table 3).

When the three histological groups of fibroadenomas
were assessed separately, the following results were
obtained: In group 1, 93 (80.9%) fibroadenomas were
observed with a mean score of 2.53 (1-4) (SD, 0.52) and
median of 3. In group 2, 13 (11.3%) fibroadenomas were
observed with a mean score of 2 (1-3) (SD, 0.30) and
median of 2, whereas in group 3, 9 (7.8%) fibroadenomas
were observed with a mean score of 3 (2-4) (SD, 0.8) and
median of 3 (Table 3).

When the maximum lesion diameters were compared to
elastographic scores, 90 (78.2%) masses <2 cm and 25
(21.8%) >2 em were seen, with mean scores of 2.5 (1-4;
SD, 0.59) and 2.5 (2-3; SD, 0.50), respectively (Table 4).

Fig. 6 Example of false-
negative result. Simultaneous
sonoelastography and B-mode
split screen display of images,
during compression (a), after
decompression (b), and histolo-
gy of the specimen (c¢). Image
shows an ovoid, microlobulated
mass classified as BI-RADS® 4.
Elastographic study reveals
color variation after decompres-
sion in less than 50% of its area,
predominantly at the borders,
classifying the lesion as score 3.
Histological study shows inva-
sive ductal carcinoma associated
with the necrotic area (inset) in a
46-year-old patient

12HS

Comparison using the LL/AP ratio of the lesions showed
17 (14.8%) masses with LL/AP ratio <1.4 and a mean score
of 2.6 (2-4) (SD, 0.57). For the 98 (85.2%) remaining
lesions, the mean score was 2.5 (1-4) (SD, 0.56) (Table 4).

At the significance level of 5%, an almost perfect rate of
agreement was seen between the observers (weighted
kappa=0.847. SE=0.047, and p<0.0005).

Discussion

One of the major limitations of US imaging of the breast is
its low specificity in detecting malignancy of 68%,
according to a study by Stavres, with PPV ranging from
11 to 39%, resulting in a considerable number of patients
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Table 3 Distribution of fibroadenomas by histological groups
according to the elastographic scores, where scores | and 2 were
benign, score 3 probably benign, and score 4 suspected of
malignancy (N=115)

Score Group | Group 2 Group 3 Total
n (%) n (%) n (%) n (%)
1 1(L1) L(7.7) 0 (0.0) 2(L7)
2 42 (45.1) L1 (84.6) 1 (1L.1) 54 (47.0)
3 49 (52.7) L (7.7) 7(77.8) 57 (49.6)
1 (L) 0 (0.0) 1 (11.1) 2(1.7)
Total 93 (80.9) 13(11.3) 9 (7.8) 115 (100)

undergoing breast biopsies [1, 3, 22]. This specificity is
lower than that obtained with mammography of 89.3 and
97.3% [23, 24]. In the present series, for a total of 270 lesions
a PPV of 45.3% were obtained by US, of which 35.8% were
category 4 and 100% category 5 according to the BI-RADS®
ultrasound lexicon, having a specificity of 78%.

In our series, malignancy was observed in 44 (16.3%) of
the 270 biopsied breast lesions. Of the 226 (83.7%) benign
lesions, 115 (50.9%) were fibroadenomas. These findings
are similar to those reported by Stavros et al., who observed
a prevalence of malignancy of 16.8% in their series [5].
Among the benign lesions undergoing biopsy, fibroadeno-
mas were most prevalent (54%). This high prevalence of
fibroadenomas observed in breast biopsies creates anxiety
for patients, resulting in an increased number of comple-
mentary imaging tests, diagnostic biopsies, and a conse-
quent increase in the costs of breast cancer screening
programs, making it difficult to introduce US imaging in
these programs [3, 25]. In our study, 137 (50.7%) masses in
patients referred to our service for percutaneous breast
biopsy were classified as category 3 according to the BI-
RADS® lexicon, and the decision to perform a biopsy was
made by the referring physician or in response to patient
anxiety.

Fibroadenomas are generally classified as BI-RADS®
category 3 on US, and the subsequent management of these
lesions remains controversial [7]. Some authors consider it
necessary to perform a breast biopsy in patients with solid
masses diagnosed by US only, while other authors suggest
that masses classified as BI-RADS® 3 could be followed
up with US, due to the high negative predictive value of
99.5% found by Stavros et al. and 99.3% by Mainiero et al
[9,26,27]. In a recent study, Graf et al. [9] concluded that
palpable noncalcified solid breast masses with benign
morphology according to mammography and sonography
could be managed similarly to nonpalpable BI-RADS®
category 3 lesions, L.e., with short-term follow-up.

There is a great variability in histological presentation of
fibroadenomas, which consist of a combination of prolif-
eration of fibrous stroma and increases in epithelial ductal
structures, including fibroadenomas with exuberant stro-
mal collagen content, fibroadenomas associated with

fibrocystic changes, hyaline fibroadenomas, high-cellularity
fibroadenomas, and complex fibroadenomas [16, 18]. The
clinical presentation of fibroadenomas can be quite variable
due to the different histological types. High cellularity
fibroadenomas with high levels of stromal fibrosis or
complex fibroadenomas tend to be harder, more akin to
breast carcinomas, which are harder than normal tissue but
softer when there is exuberant collagen content in the stroma
or combined fibrocystic changes [15].

For over a decade the elastrographic method has been
drawing increased attention for the study of soft tissues
with the clinical perspective of enabling early detection of
lesions, which lead to pathological changes in tissues [28,
29]. The method can be equally useful when used as an
additional tool for the study of probably benign masses
observed on B-mode US.

In this study. we observed variation in the elastographic
presentation of fibroadenomas, which was consistent with
the histological findings. Overall, there was a variation
according to the elastographic score ranging from 1 to 4,
with a mean of 2.5 and median of 3. This mean shows that
most lesions were scored as 2 or 3, where score 2
comprised 54 (47%) masscs considered benign, and score 3
comprised 57 (49.6%) lesions considered probably benign.
These results indicate a trend for benign presentation on
elastography of breast fibroadenomas. Only two fibroade-
nomas had the same elastographic appearance as breast
carcinomas, both classified as score 4.

When assessed separately, masses with more benign
characteristics on the histological examination (group 2),
such as those with exuberant collagen content in the
stroma, hyalinization, and association with fibrocystic
changes, had the lowest scores, with a mean and median of
2, whereas in fibroadenomas with complex characteristics,
high cellularity, and associated with stromal fibrosis, the
mean and median score was 3. These results demonstrated
an association between the elastographic scores and
histological presentation, which may be helpful in making
patient management decisions. Of the 115 fibroadenomas,
54 (47%) could have been followed up using imaging

Table 4 Distribution of fibroadenoma elastrographic scores, where
scores | and 2 were benign, score 3 probably benign, and score 4
suspected of malignancy, according to size and LL/AP ratio (latero-
lateral-antero-posterior; N=115)

Score Size LL/AP ratio

<2.0 cm >2.0 cm <14 >1.4

N (%) n (%) n (%) n (%)
1 2(22) 0(0) 0(0) 2(2)
2 43 (47.8) 11 (44) 7(41.2) 47 (48)
3 43 (47.8) 14 (56) 9(52.9) 48 (49)
4 2(22) 0(0) 1(5.9) 1 (1)
Total 90 (78.3) 25(21.7) 17 (85.2) 98 (14.8)
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methods instead of performing a percutaneous biopsy, thus
reducing the costs of breast cancer screening programs.

When the elastographic scores were evaluated according
to mass size and to the LL/AP ratio, no statistically
significant variation was observed in the scores, with
means ranging from 2.5 to 2.6. These findings showed that
fibroadenomas depict a larger variation on elastography
depending on their histological features rather than on their
size or LL/AP ratio.

A limitation of elastography is the study of non-mass
lesions that present infiltrative growth features, where
normal tissue becomes interspersed with pathologic tissue.
Sonoelastography should not be applied in these cases
because healthy tissue may lead to false-negative results.
Such lesions were excluded from our study, and this may
have improved our specificity and sensitivity values
compared to other series [15, 30]. Although the Ultrasonix

machine allowed split screen simultaneous gray-scale and
elastography images, we opted to use the elastographic
study in full-screen mode, given that the classification
proposed was based on visual parameters where the larger
the image, the casier the interpretation and reproducibility.
Moreover, the images were assessed using “cinememory,”
which enabled dynamic assessment of color variation of
masses.

Fibroadenomas account for a significant number of
breast biopsies, contributing to the low specificity of US
due to false-positive results. Our results showed that
sonoelastography can be used as a complementary tool in
assessing indeterminate breast masses, generally fibroade-
nomas, and can be incorporated into clinical practice to aid
clinical management and follow-up. However, further study
of combined BI-RADS scores and elastography data is
required in order to devise management recommendations.
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Os resultados obtidos com a utilizagdo de nova classificacdo dos nédulos mamarios
submetidos a exame elastografico, por meio de sistematizacdao por nds idealizada,

possibilitou-nos chegar as seguintes conclusoes:

1. 0s escores referentes a classificacdo proposta proporcionaram boa concordancia

inter-observadores.

2. A acuracia diagnostica para o estudo de nédulos mamarios indeterminados a ultra-
sonografia foi elevada, com valor preditivo positivo superior ao observado na ultra-

sonografia convencional.
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Eu, ,R.G: , declaro, por meio deste
termo, que concordei em realizar o estudo complementar de elastografia pela ultra-sonografia na pesquisa de
campo referente ao projeto intitulado “PROPOSTA DE CLASSIFICACAO DE LESOES MAMARIAS PELA
ELASTOGRAFIA UTILIZANDO A ULTRA-SONOGRAFIA” desenvolvida pelo Servico de Diagnostico por
Imagem da Santa Casa de Sao Paulo. Fui informado(a), ainda, de que a pesquisa é coordenada pelo Dr. Eduardo
de Faria Castro Fleury, CRM 101.679, a quem poderei contatar / consultar a qualquer momento que julgar
necessario através do telefone n°3526-2444 ou e-mail edufleury@hotmail.com.

Afirmo que aceitei participar por minha propria vontade, sem receber qualquer incentivo financeiro e
com a finalidade exclusiva de colaborar para o sucesso da pesquisa. Fui informado(a) dos objetivos estritamente
académicos do estudo, que, em linhas gerais ¢ apresentar uma nova técnica para classificar lesdes encontradas
pelo exame de ultra-som prévio sem a necessidade de realizagdo de bidopsia mamaria percutanea. Esta técnica
consiste na avaliagdo das propriedades elasticas dos tecidos a serem estudados através de um programa
especifico acoplado a maquina de ultra-som convencional, tendo em vista que os tumores malignos sdo mais
rigidos que os benignos. O tempo de estudo estimado ¢ de cerca de 2 minutos. Estou ciente que o estudo
elastografico sera realizado anteriormente a bidpsia percutanea e que seu resultado ndo ird contra-indicar a
bidpsia. Fui informado(a) ainda que ndo ha riscos de sua aplicacéo ou presenga de efeitos colaterais.

Fui também esclarecido(a) de que os usos das informagdes por mim oferecidas estdo submetidos as
normas éticas destinadas a pesquisa envolvendo seres humanos, da Comissdo Nacional de Etica em Pesquisa
(CONEP) do Conselho Nacional de Satde, do Ministério da Saude.

Minha colaboragdo se fara de forma anonima, por meio de exame ultra-sonografico a ser gravada a
partir da assinatura desta autorizagdo. O acesso e a analise dos dados coletados se fardo apenas pelo pesquisador.

Estou ciente de que, caso eu tenha diivida ou me sinta prejudicado(a), poderei contatar o pesquisador
responsavel, ou ainda o Comité de Etica em Pesquisa da Irmandade da Santa Casa de Misericérdia de Sao Paulo,
situado na Rua Santa Izabel, 305- 4 andar — Santa Cecilia, Sdo Paulo (SP), CEP 01221-010, telefone (x-11)
3337-0188.

O pesquisador principal do estudo me ofertou uma cdpia assinada deste Termo de Consentimento Livre
e Esclarecido, conforme recomendagdes da Comissdo Nacional de Etica em Pesquisa (CONEP).

Fui ainda informado(a) de que posso me retirar desse estudo a qualquer momento, sem prejuizo para
meu acompanhamento ou sofrer quaisquer sangdes ou constrangimentos

Sao Paulo, de de

Assinatura do participante:

Assinatura do pesquisador:
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[RMANDADE DA SANTA CASA DE MISERICORDIA DE S PAULO

COMITE DE ETICA EM PESQUISA EM SERES HUMANOS
Rua Santa Isabel, 305 4° Santa Cecilia CEP 01221-010 Sao Paulo —SP
PABX: 21767000 Ramal: 8061-Telefax-33370188 E-mail: i

Sdo Paulo, 12 de julho de 2007.
Projeto n®274/07

Informe este nimerc para
identificar seu projetoc no CEP

Ilmo.(a).5r.(a).
Dr. (a). Eduardo de Faria Castro Fleury

Servigo de Diagnostico por Imagem

O Comité de Etica em Pesquisa dna ISCMSP, em reunido extraordindria, dia
11/07/2007 e no cumprimento de suas atribuices, apds revisdo do seu projeto
de pesquisa: “Proposta de classificacdo de néduios mamaérios através de
ultrassonografia utilizando a elastografia” , emitiu parecer enquadrando-o na
seguinte categoria:

Aprovado (inclusive TCLE) ;

Com pendéncias ha madificacdes ou informactes relevantes a serem
]:I atendidas em 60 dias, (enviar as alteracdes em duas copias);

D Retirado, (por ndo ser reapresentado no prazo determinado);

D Nao aprovado: e

D Aprovado (inclusive os TCLE- Termo de Consentimento Livre e Esclarecido
versdo), e encaminhado para apreciacio da Comissdo Nacional de Etica em
Pesquisa — MS -CONEP, a qual deverd emitir parecer no prazo de 60 dias.
Informamos, outrossim, que, segundo os termos da Resolucdo 196/96
do Ministério da Sadde a pesquisa s podera ser iniciada apés o
recebimento do parecer de aprovacio da CONEP.

Prof. Dr. Daniel R. Mufioz
Presidente do Comité de Etica em Pesquisa ~ISCMSP
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