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Abstract
Purpose:  The  purpose  of  this  study  was  to  identify  practice  trends  and  opinions  concerning
breast sonoelastography  in  two  different  health  care  systems,  one  in  Europe  (France)  and  the
other in  North  America  (Province  of  Québec/Canada).
Materials  and  methods:  We  distributed  an  11-item  online  survey  among  French  and  Canadian
breast radiologists.  The  survey  comprised  of  four  sections:  (i)  personal  practice  characteristics,
(ii) breast  sonoelastography  usage  in  daily  practice  and  evaluation  of  its  usefulness,  (iii)  limi-
tations and  roles  of  sonoelastogrpahy  in  their  clinical  practice,  and  (iv)  types  of  elastographic
technique  and  interpretation.
Results:  We  found  that  sonoelastography  of  the  breast  appears  unpopular  among  Canadian
radiologists,  and  poorly  credible  among  French  radiologists,  who  perceive  it  as  an  unreliable
technique.  To  date,  its  real  impact  in  clinical  practice  remains  uncertain.
Conclusion:  Continued  learning  and  awareness  of  the  indications,  advantages  and  limitations
of breast  sonoelastography  may  motivate  breast  radiologists  to  adopt  its  use.
© 2019  Société  française  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
Sonoelastography,  a  technique  initiated  in  the  1980s,  is  an
emerging  ultrasound  tool  able  to  assess  tissue  deformability
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y  providing  information  on  its  elasticity  [1,2].  The  World
ederation  for  Ultrasound  in  Medicine  and  Biology  (WFUMB)
uidelines  state  that  ‘‘elastography  should  be  used  to  char-

cterize  an  abnormality  identified  on  conventional  B-mode
maging’’  [3].  Indeed,  sonoelastography  has  the  potential
o  complement  the  conventional  greyscale  and  color  breast

 Masson SAS. All rights reserved.
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ltrasound  to  improve  characterization  of  breast  lesions,  as
ancerous  lesions  tend  to  be  stiffer  than  benign  lesions  [3].
wo  different  techniques  are  used:  compressive,  or  strain,
lastography  and  shear-wave  elastography  [4].

Despite  encouraging  beginnings  with  convincing  pub-
ished  results  and  although  a  variety  of  manufacturers  have
ncorporated  elastography  into  their  ultrasound  equipment,
here  is  no  certainty  that  this  technique  is  widely  imple-
ented  by  breast  radiologists  in  their  daily  practice  [5—8].

kepticism  seems  to  slow  its  diffusion  in  daily  and  routine
reast  imaging  activity,  which  in  a  way  is  not  dissimilar  to
he  beginnings  of  breast  ultrasound  [9].

The  purpose  of  this  study  was  to  identify  practice  trends
nd  opinions  concerning  breast  sonoelastography  in  two  dif-
erent  health  care  systems,  one  in  Europe  (France)  and  the
ther  in  North  America  (Province  of  Québec/Canada).

aterial and methods

tudy participants

rom  May  to  July  2018,  a  web-based  survey  was  conducted
ith  members  of  the  Société  d’Imagerie  de  la  Femme

SIFEM,  France),  Société  québécoise  de  radiologie  (SQR,
uébec,  Canada)  and  the  Canadian  Society  of  Breast  Imag-

ng  (CSBI,  Canada)  targeted  to  radiologists  involved  in  breast
maging.

urvey tool
n  11-item  questionnaire  was  designed  in  which  respondents
ere  asked  to  choose  a  single  best  response  for  each  ques-

ion.  The  survey  was  comprised  of  four  sections:  (i)  personal
ractice  characteristics  (e.g.  physician  age  and  type  of  prac-
ice);  (ii)  breast  sonoelastography  usage  in  daily  practice
nd  evaluation  of  its  usefulness;  (iii)  limitations  and  roles
f  sonoelastography  in  their  clinical  practice;  (iv)  types  of
lastographic  technique  and  interpretation  criteria  used  and
anufacturing  brands  of  the  ultrasound  apparatus.
The  survey  was  sent  via  a  cloud-based  internet  tool

SurveyMonkey).  Radiologists  were  contacted  and  asked  to
oluntarily  complete  an  anonymous  survey  within  4  weeks;

 single  follow-up  e-mail  was  sent  a  few  weeks  later.  Each
ompleted  survey  response  represented  a  unique  radiolo-
ist.

ersonal practice characteristics
uestions  1,  2,  and  3  determined  the  practice  setting  of

he  respondents  (academic,  private,  community,  oncologic
enter-based,  or  other  type),  and  their  involvement  in
reast  imaging,  categorized  as  ‘‘the  main  activity’’,  ‘‘a  sub-
tantial  part’’,  ‘‘a  limited  part’’,  or  ‘‘none’’  of  their  clinical
ime.

reast sonoelastography usage and opinion
bout its usefulness

uestions  4  and  5  determined  the  current  practice  regard-

ng  breast  sonoelastography  and  evaluated  the  opinion  of
he  respondents  with  respect  to  the  usefulness  of  sonoelas-
ography  in  their  clinical  practice.

s
T
i
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imitations of sonoelastography
uestions  5  and  6  determined  the  reasons  behind  limited
se  of  sonoelastography  by  breast  radiologists.

oles of sonoelastography in breast imaging in
aily practice
uestion  7  determined  the  main  indications  of  sonoelastog-

aphy  in  daily  practice.

ype of sonoelastography used and
nterpretation of elastographic images
uestions  8,  9,  and  10  determined  the  specific  technique

i.e.,  compressive,  or  strain,  elastography  and  shear-wave
lastography)  and  interpretation  tools  used  by  breast  radi-
logists.

esults

esponse rate

 total  of  156/510  (30.6%)  French  radiologists  responded  to
he  survey  as  well  as  74/231(31.6%)  from  Québec  and  16/58
27.6%)  from  other  Canadian  provinces,  resulting  in  a  total
esponse  rate  of  30.8%  (246/799).

urvey results

emographics and personal practice
haracteristics
he  majority  of  participants  were  between  30—59  years  of
ge,  with  the  most  common  age  bracket  of  50—59  for  France,
anada,  and  Québec.  Most  respondents  from  France  work

n  a  private  clinic  (50.6%),  whereas  most  respondents  from
anada  work  in  a  university  hospital  center  (60.0%)  and
hose  from  Québec  work  in  a  community  hospital  (46.0%).
ost  surveyed  radiologists  indicated  breast  imaging  either
s  their  main  specialty  or  more  than  50%  of  their  practice
Table  1).

reast sonoelastography usage and opinion
bout its usefulness
rench  radiologists  use  breast  sonoelastography  much  more
n  their  daily  practices  than  their  Canadian/Québec  counter-
arts.  Among  French  radiologists,  17.4%  responded  that  they
outinely  use  breast  sonoelastography  and  27.7%  responded
hat  they  use  it  often.  Among  North  American  radiologists,
%  use  breast  sonoelastography  routinely  and  4.1—6.2%
eported  using  it  often.  The  majority  of  breast  radiologists
rom  Canada  and  Québec  (68.8%  and  82.2%,  respectively)
eport  that  they  never  use  the  sonoelastography  technique
Table  2).

oles of sonoelastography in breast imaging in
aily practice and limitations of

onoelastography
he  top  reasons  listed  for  not  using  elastography  was  that

t  is  an  unreliable  test  (more  commonly  reported  by  French



Breast  sonoelastography:  now  and  in  the  future  569

Table  1  General  information  of  the  responders.

France  Canada  Québec

Age  (years)
< 30  5.2%  (8/155)  0%  (0/16)  0%  (0/74)
30—39  24.5%  (38/155)  6.2%  (1/16)  31.1%  (23/74)
40—49  22.6%  (35/155)  31.3%  (5/16)  14.9%  (11/74)
50—59  34.8%  (54/155)  56.3%  (9/16)  43.2%  (32/74)
≥  60 12.9%  (20/155) 6.2%  (1/16) 10.9%  (8/74)
Skipped  1  0  0

You  are  a  radiologist  working  in:
University  hospital  17.3%  (27/156)  60%  (9/15)  27%  (20/74)
Private  clinic  50.6%  (79/156)  13.3%  (2/15)  23%  (17/74)
Community  hospital  16.7%  (26/156)  20%  (3/15)  46%  (34/74)
Cancer  center  12.8%  (20/156)  0%  (0/15)  1.3%  (1/74)
Other  0%  (0/156)  6.7%  (1/15)  2.7%  (2/74)
Skipped  0  1  0

Breast  imaging  is:
Your  main  specialty  57.4%  (89/155)  25%  (4/16)  14.9%  (11/74)
>  50%  of  your  practice  37.4%  (58/155)  31.2%  (5/16)  67.6%  (50/74)
<  50%  of  your  practice  3.2%  (5/155)  43.8%  (7/16)  5.4%  (4/74)
0%  of  your  activity  2%  (3/155)  0%  (0/16)  12.2%  (9/74)
Skipped  1  0  0

Data are presented as percentage. Numbers in parentheses are proportions.

Table  2  Usage  and  opinion  about  usefulness  of  breast  sonoelastography.

France  Canada  Québec

When  do  you  use  sonoelastography?
Never  29.7%  (46/155)  68.8%  (11/16)  82.2%  (60/73)
Seldom  25.2%  (39/155) 25%  (4/16)  13.7%  (10/73)
Often  27.7%  (43/155) 6.2%  (1/16) 4.1%  (3/73)
Automatic  17.4%  (27/155) 0%  (0/16)  0%  (0/73)
Skipped  1  0  1

Your  opinion  about  sonoelastography  in  your  practice:
Useless  7.8%  (12/154)  6.3%  (1/16)  11.8%  (8/68)
Rarely  useful  31.8%  (49/154)  50%  (8/16)  44.1%  (30/68)
Useful  48.7%  (75/154)  43.7%  (7/16)  42.7%  (29/68)
Very  useful  11.7%  (18/154)  0%  (0/16)  1.5%  (1/68)
Skipped  2  0  6

Data are presented as percentage. Numbers in parentheses are proportions.

Table  3 Limitations  of  breast  sonoelastography.

France  Canada  Québec

You  seldom  use  sonoelastography  because:
Unreliable  test  46.7%  (50/107)  60%  (9/15)  22.5%  (16/71)
Time-consuming  test 24.3%  (26/107)  6.7%  (1/15)  11.3%  (8/71)
Long  learning  curve 0%  (0/107) 0%  (0/15)  0%  (0/71)
Unknown  indications/interpretation 29%  (31/107)  33.3%  (5/15)  66.2%  (47/71)
Skipped  49  1  3

Data are presented as percentage. Numbers in parentheses are proportions.
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Table  4  Roles  of  breast  sonoelastography.

France  Canada  Québec

You  use  sonoelastography  in  your  daily  practice  because  it  mostly  helps
Downgrading  14.2%  (19/134)  25%  (2/8)  27.9%  (12/43)
Upgrading  28.4%  (38/134)  12.5%  (1/8)  27.9%  (12/43)
Up  and  downgrading  48.5%  (65/134)  37.5%  (3/8)  27.9%  (12/43)
Detection  9%  (12/134)  25%  (2/8)  16.3%  (7/43)
Skipped  22  8  31

Data are presented as percentage. Numbers in parentheses are proportions.

Table  5  Type  of  sonoelastography  technique  (strain  vs.  shear-wave).

France  Canada  Québec

You  mainly  use:
Strain  15.1%  (19/126)  66.7%  (4/6)  29%  (9/31)
Shear-wave  63.5%  (80/126)  16.7%  (1/6)  41.9%  (13/31)
Both  7.9%  (10/126)  16.7%  (1/6)  9.7%  (3/31)
Unaware  13.5%  (17/126)  0%  (0/6)  19.3%  (6/31)
Skipped  30  10  43

If  you  use  strain  elastography,  your  interpretation  is  based  on:
Color  map  67.9%  (57/84)  80%  (4/5)  52%  (13/25)
Strain  ratio  11.9%  (10/84)  0%  (0/5)  16%  (4/25)
Both  20.2%  (17/84)  20%  (1/5)  32%  (8/25)
Skipped  72  11  49

If  you  use  shear-wave  elastography,  your  interpretation  is  based  on:
Color  map  62.2%  (69/111)  50.%  (1/2)  61.6%  (16/26)
kPa  values  35.1%  (39/111)  50%  (1/2)  19.2%  (5/26)
Strain  ratio  2.7%  (3/111)  50%  (0/2)  19.2%  (5/26)
Skipped  45  14  48

Data are presented as percentage. Numbers in parentheses are proportions.
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nd  Canadian  radiologists),  not  knowing  the  indications,  or
ifficulty  interpreting  the  results  (top  answer  by  radiologists
rom  Québec)  (Table  3).  For  those  who  used  elastography
or  breast  imaging  interpretation,  upgrading  and  downgrad-
ng  lesions  appeared  to  be  the  main  purpose,  and  lesion
etection  was  a  secondary  purpose  (Table  4).

The  brand  of  ultrasound  machines  also  varied  widely,  with
oshiba  (Canon)  and  Aixplorer  mainly  used  in  France,  Toshiba
Canon)  in  Québec  and  the  General  Electric  Healthcare  in
anadian  provinces  other  than  Québec.

ype of sonoelastography used by breast
adiologists and technique of interpretation of
lastographic images
he  specific  type  of  sonoelastography  used  depended  on
he  region.  Radiologists  from  France  and  Québec  use  mainly
hear-wave  and  color  map;  whereas  the  radiologists  from
ther  Canadian  provinces  use  predominantly  strain  and  color
ap  (Table  5).  For  those  who  used  shear-wave  elastography,
he  interpretation  is  mainly  based  on  the  color  map  for  all
 groups  of  radiologists  (50.0-62.2%).

More  than  half  of  the  French  radiologists  (60.4%)  rated
onoelastography  as  either  useful  or  very  useful,  whereas

e
b
o
s

he  majority  of  those  from  Canada  and  Québec  rated  it
s  useful  (43.7%  and  42.7%,  respectively)  and  rarely  useful
50.0%  and  44.1%,  respectively).

iscussion

espite  being  the  subject  of  abundant  literature  authored
y  eminent  experts  encourage  radiologists  to  use  sonoe-
astography  in  breast  imaging  [8], the  feedback  of  breast
adiologists  regarding  its  use  and  impact  in  clinical  practice
as  not  been  evaluated.  This  work  describes  the  usage  of
his  emerging  and  promising  tool  among  specialized  breast
adiologists  working  in  France,  Québec,  and  Canada.

onoelastography in clinical practice: Where
re we?

his  survey  achieved  a response  rate  of  nearly  30%  in
rance,  Québec,  and  Canada,  which  meets  the  reasonable

xpectations  of  an  Internet  survey,  which  usually  achieve
elow  50%  [10,11]. However,  the  small  number  of  responses
btained  from  Canadian  participants  means  that  this  sub-
et  of  received  results  should  be  interpreted  with  caution
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(CSBI  was  recently  founded  at  the  time  the  survey  was  ini-
tiated,  which  likely  explains  the  relatively  low  number  of
respondents).

The  type  of  work  setting  varied  among  the  different  geo-
graphical  regions,  as  French  radiologists  are  mostly  settled
in  private  practice.  In  comparison,  radiologists  from  Canada
are  most  often  affiliated  with  a  university  or  community
hospital.  These  different  types  of  working  environments  in
Europe  and  North  America  could  substantially  affect  the
type  of  breast  imaging  practice.

Nonetheless,  each  region  has  access  to  similar  equipment
and  literature.  Despite  the  recent  incorporation  of  quali-
tative  sonoelasticity  measurements  (soft,  intermediate  or
hard)  of  breast  lesions  as  an  associated  finding  in  the  5th

edition  of  the  BI-RADS  ultrasound  lexicon,  the  adoption  of
sonoelasticity  into  the  daily  practices  of  the  radiology  com-
munity  remains  slow  and  somewhat  geography-dependent
[12].  Indeed,  sonoelastography  is  definitively  more  unpopu-

lar  amongst  radiologists  in  Canada,  since  69%  of  Canadian
and  82%  of  Québecker  radiologists  reported  never  using
sonoelastography  compared  to  only  29%  of  French  radiol-
ogists.

T
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p
t

Figure 1. 65-year-old asymptomatic woman. (a): Screening mammog
the medial aspect of the right breast (arrow), persisting on compressi
located, small, 4-mm subtle hypoechoic round mass (arrow), categorized
(green, yellow, and red) content on shear-wave elastography image with
the small breast mass is blue corresponding to Tsukuba elasticity score 

radiologist detect the lesion. Ultrasound-guided biopsy yielded the diag
strain elastography yielded true-positive results.
571

A  different  work  organization  and  an  old  mistrust  of
reast  ultrasound  might  partly  explain  reluctance  of  radiol-
gists  from  Canada  to  use  this  technology.  Indeed,  in  many
orth  American  institutions,  breast  ultrasound  is  consid-
red  a  time-consuming  and  operator-dependent  technique
nd  is  most  often  performed  by  specialized  breast  tech-
ologists  under  the  supervision  of  breast  radiologists.  The
nown  intra-  and  inter-operator  variability  of  the  technique
imits  its  acceptance  in  clinical  practice  [13].  A  radiologist
upervising  and  interpreting  images,  e.g.  sonoelastographic
mages,  usually  generated  by  another  individual  (breast
echnologist),  would  be  more  reluctant  to  use  its  results.

reast sonoelastography usage and opinion
egarding its usefulness and roles in daily
ractice
he  results  of  the  survey  confirm  an  intuitive  perception
rom  radiologists  using  sonoelastography  in  their  routine
ractice:  there  is  a  common  reluctance,  more  so  in  Canada
han  in  France,  of  routinely  adopting  sonoelastography  in

ram (right cranio-caudal view) shows a 5 mm focal asymmetry in
on view (not shown). (b): Ultrasound correlation shows a deeply

 as BIRADS IVc. (c): Mass and surrounding breast tissue shows stiff
 average elasticity value of 115.4 kPa. (d): With strain elastography
of 4 (arrow). Both strain and shear-wave elastography helped the
nosis of invasive ductal carcinoma grade 1. Both shear-wave and
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72  

he  analysis  of  breast  lesions.  None  of  the  breast  radiologists
rom  Québec  or  Canada  routinely  added  sonoelastography  to
-mode  sonographic  analysis  of  breast  masses  in  their  daily
ractice  compared,  to  17%  of  French  radiologists.

Despite  the  encouraging  results  already  reported  in
reast  imaging  literature  for  more  than  a  decade  from
orldwide  authors,  these  results  support  the  assessment
f  Green,  who  noted  that  evidence-based  practice  often
omes  from  artificially  controlled  research  that  does  not
t  the  realities  of  practice  [5,7,14,15].  Sonoelastography

s  an  active  area  of  research  but  ‘‘a  rise  in  the  amount  of
esearch  results  available  does  not  automatically  translate
nto  improved  patient  care  and  treatment’’  [16].

There  are  multiple  factors  limiting  the  implementation
f  breast  sonoelastography  in  daily  clinical  breast  imaging
ractice.  Some  issues  might  be  explained  by  the  vari-

ty  of  available  apparatuses  and  different  nuances  in  the
iterature.  In  fact,  the  two  main  types  of  elastography  tech-
iques,  strain  and  shear-wave,  apply  variable  terminology
nd  parameters  on  different  commercial  systems,  which

i
o
t

igure 2. 59-year-old asymptomatic woman. (a): Screening mammogra
ass in the axillary tail of the breast (arrow); (b): Ultrasound correl
icrolobulated margins and surrounding echogenic halo, categorized B

hear-wave elastography image with an average elasticity value of 18.5 

nd slight surrounding region are blue, indicating a Tsukuba elasticity sco
uctal carcinoma Grade 2. Shear-wave elastography yielded a false ne
esult.
B.  Mesurolle  et  al.

an  be  confusing  and  render  the  training  process  labori-
us.  For  instance,  color  mapping  for  strain  elastography
ased  on  Tsukuda  score  differs  from  color  mapping  used
ith  the  shear-wave  technique,  and  in  fact  are  exactly  oppo-

ite  (Figs.  1—5).  Blue  colored  lesions  in  strain  elastography
re  ‘‘stiff’’  whereas  blue  colored  lesions  with  shear-wave
lastography  are  ‘‘soft’’  [5,7,17].  Furthermore,  both  strain
nd  shear-wave  cut-off  values  vary  according  to  different
ublications  which  constitutes  a  serious  limitation  in  clini-
al  practice  [3].  Although  most  respondents  in  France  and
uébec  use  shear-wave  elastography  in  clinical  practice,  a
ubstantial  number  (13%  of  French  respondents  and  19%  from
uébec)  do  not  know  the  type  of  elastography  technique
hey  use.  This  raises  questions  about  their  understanding  of
he  technique  and  might  explain  the  suboptimal  usage  of
onoelastography.
Another  factor  is  related  to  difficulties  encountered  dur-
ng  the  acquisition  and  interpretation  times  and  the  lack
f  reproducibility  perceived  by  half  of  the  radiologists  in
he  survey  (Fig.  3).  One  third  of  French  and  Canadian

m (right medio-lateral oblique view) shows a 7 mm irregular dense
ation shows an irregularly shaped hypoechoic mass (arrow) with
I-RADS IVc; (c): The mass appears homogeneously soft (blue) on
kPa; (d): With strain elastography, both the entire isoechoic lesion
re of 5. Ultrasound-guided biopsy yielded the diagnosis of invasive

gative result, whereas strain elastography showed a true-positive
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Figure 3. 52-year-old woman who underwent bilateral screening mammogram. (a): The right mammogram (cranio-caudal view) shows a
new 7-mm oval shape mass (arrow); (b): Sonographic correlation shows an isoechoic, 7-mm oval mass, with well-circumscribed margins,
categorized as BI-RADS IVa (arrows). (c,d), Two strain elastography images show; (c): a score 2 (most of mass is soft), and; (d): a score 3
(most of the mass is stiff) of Tsukuba. Ultrasound-guided biopsy yielded the diagnosis of fibroadenoma. Strain elastography yielded both
true negative and false positive results.
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respondents  and  two  thirds  from  Québec  admit  mastering
neither  indications  of  breast  sonoelastography  nor  interpre-
tations  of  sonoelastographic  images.

As  with  any  other  imaging  technique,  false  positive  and
negative  results  as  well  as  inter-  and  intraobserver  vari-
ability  may  be  encountered  with  breast  sonoelastography
(Figs.  2—6).  In  fact,  because  of  their  pathological  features,
some  cancers  such  as  Ductal  carcinomas  in  situ  are  actu-
ally  soft  (Fig.  4)  [18].  On  the  contrary,  some  benign  lesions
may  be  stiff  and  lead  to  false  positive  results,  such  as  some
fibroadenomas,  radial  scars,  sclerosing  adenosis  or  dense
collagenous  stroma  (Fig.  5)  [19].  Moreover,  some  radiological
and  anatomical  features  can  favor  false  negative  and  false
positive  results.  False  negatives  are  more  frequent  when
lesions  are  smaller  than  10  mm  and  deeply  located  within
the  breast  [20,21].
Intra-  and  interobserver  variability  when  acquiring
images  and  assessing  a  lesion,  is  well  reported  especially
when  using  strain  elastography  since  different  compression

t
o
a

echniques  (pressure  and  speed  of  compression  of  the  ultra-
ound  probe)  generate  variable  results  [22,23].  A  recent
tudy  suggested  moderate  interobserver  reproducibility  in
reast  strain  elasticity  image  acquisition  and  poor  interob-
erver  agreement  in  image  interpretation  (Fig.  3) [24].

Shear-wave  elastography  also  has  limitations.  This
echnique  uses  a  focused  ultrasonic  beam  that  induces
echanical  vibrations  resulting  in  a  transverse  shear-wave

hat  propagates  faster  in  harder  tissue  compared  to  soft  tis-
ue  and  from  which  quantitative  color-coded  images  and
ata  can  be  obtained  (Figs.  1,2,4—6) [25,26].  Unfortunately,
here  is  a  lack  of  standardization  of  sonoelastography  tech-
iques  and  investigators  have  used  a  variety  of  region  of
nterest  (ROI)  sizes,  reference  tissues,  and  elasticity  values
uring  examinations  [27]. For  example,  in  determining  the
OIs,  some  researchers  have  used  the  smaller  ROI  (diame-

er  of  2  mm)  in  the  stiffest  portion  of  the  lesion,  whereas
thers  have  used  the  larger  ROI  to  include  the  largest  of  the
bnormal  marginal  tissue  [27].
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Figure 4. 55-year-old asymptomatic woman. (a): Screening mammogram (left medio-lateral oblique view) shows a new, well-
circumscribed, 8-mm, round, dense mass (arrow) of the breast; (b): Ultrasound correlations shows an isoechoic, round mass with
well-delineated margins (arrow), with a small feeding vessel identified at power color interrogation categorized BIRADS IVa; (c): The
mass appears homogeneously soft (blue) on shear-wave elastography image. Ultrasound-guided biopsy yielded ductal carcinoma in situ.
Shear-wave elastography yielded false negative result.
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olutions to optimize the use of the
onoelastography in daily practice

t  is  encouraging  to  note  that,  despite  the  lack  of  incorpo-
ation  of  sonoelastography  in  their  routine  practices,  only
—12%  of  respondents  rated  breast  sonoelastography  as  use-
ess.  Additionally,  almost  50%  rated  breast  sonoelastography
or  analyzing  breast  lesions  as  a  useful  technique.  What  is
eally  lacking  for  radiologists  to  embrace  this  new  modality
hat  could  add  useful  information  on  sonographic  analysis  of
reast  lesions?

nderstanding the indications
fter  the  first  publications  showing  that  elastography

lone  had  similar  performance  when  coupled  with  B-mode
ltrasound  for  breast  lesions  characterization,  researchers
ealized  that  better  results  could  be  achieved  when  elastog-
aphy  was  used  as  a  complementary  tool  to  morphological

r
t
e
s

eatures  on  ultrasound  (shape,  margins,  echogenicity)  in
atients  with  indeterminate  lesions  (in  practice,  up-grade
I-RADS  3  lesions  and  downgrade  BI-RADS  4a  lesions)  [7,28].

n  particular,  it  was  shown  that  elastography  could  improve
pecificity  of  B-mode  ultrasound.  As  shown  by  our  survey
esults,  most  radiologists,  of  all  geographical  regions,  admit
he  usefulness  of  elastography  mainly  in  lesion  characteri-
ation  and  not  in  detection.  Besides  the  differentiation  of
alignant  and  benign  breast  masses,  elastography  revealed

tself  useful  for  the  evaluation  of  more  subtle  images,  such
s  non-mass  lesions  on  ultrasound,  microcalcifications  or
mall  lesions  on  second-look  ultrasound  after  breast  MRI
Fig.  7)  [29—31].  Nevertheless,  these  are  advanced  clini-
al  situations,  mostly  encountered  in  specialized  centers,
n  which  the  use  of  elastography  is  not  straightforward  and

equires  a  good  understanding  and  past  experience  of  the
echnique.  In  any  event,  it  is  crucial  to  be  aware  that
lastography  is  an  adjunct  to  B-mode  ultrasound  and  that
tiffness  should  be  considered  as  an  additional  parameter,
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Figure 5. 60-year-old woman who underwent screening mammo-
gram that showsg heterogeneously dense breasts (not shown). (a):
Screening bilateral breast ultrasound reveals a 10-mm, oval-shaped
mass with well circumscribed margins and heterogeneous echotex-
ture initially categorized BIRADS III; (b): Breast mass shows stiff
(green, yellow, and red) content on shear-wave elastography image
with an average elasticity value of 152.8 kPa, now categorized
BIRADS IVa after elastography. Given the elastographic features,
and despite a low suspicious appearance on B mode ultrasound,
ultrasound-guided biopsy was performed and histopathological
analysis showed benign changes (granuloma and foreign body
related to former hematoma). Shear-wave elastography yielded a
false positive result.
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Figure 6. 62-year-old woman who underwent screening magnetic reso
shows an unexpected round 10-mm enhancing mass situated in the lat
ment and was categorized BIRADS IVc (arrow); (b): Subsequent ultrasou
margins, categorized BIRADS IVc (arrows); (c): The mass appears homo
average elasticity value of 20.1 kPa; (d): The mass appears homogeneou
Histopathological analysis after ultrasound-guided biopsy revealed invas
false negative result whereas strain elastography showed a true-positive
575

hich  should  be  interpreted  with  regard  to  morphological
riteria.  In  case  of  important  discrepancy  between  BI-RADS
orphological  features  and  elastography,  it  is  important  to

eep  in  mind  that  B-mode  ultrasound  results  should  be  priv-
leged.  In  practice,  a  BI-RADS  5,  4b  or  4c  lesion  should  be
iopsied  even  if  it  is  soft  on  elastography.

Other  potential  applications  of  the  technique  include  its
otential  use  as  a  prognostic  marker  of  breast  cancers,  or  as

 tool  to  assess  early  response  to  neo-adjuvant  chemother-
py  or  even  help  evaluate  axillary  lymph  node  invasion  of
psilateral  breast  cancers.  However,  data  in  the  literature
re  too  limited  for  elastography  to  be  used  in  clinical  prac-
ice  in  these  indications  at  this  time  [32,33].

astering the acquisition technique and
nterpretation

adiologists  should  be  aware  of  a  learning  curve,  similar  to
ther  modalities,  to  be  able  to  correctly  acquire  the  images,
nalyze  the  findings  and  make  conclusions  while  trying  to
inimize  the  factors  that  might  hinder  a  good  interpreta-

ion  and  lead  to  a  false  management.  It  is  thus  critical  to
earn  how  to  optimize  the  examination  and  the  subsequent
nterpretation.  In  fact,  due  to  the  high  degree  of  variability,
t  is  recommended  to  rely  mainly  on  the  color  map,  which  is
nown  to  be  more  a  qualitative  assessment  of  stiffness  than

 quantitative  one  based  on  stiffness  values  [34].  The  color
ap  is  a  reflection  of  the  stiffness  value  (Figs.  1—7).
Given  that  anatomical  and  radiological  features  may
mpact  elastography  results,  it  is  important  that  they  are
onsidered  when  interpreting  them.  In  particular,  sonoelas-
ography  should  be  used  with  caution  when  the  lesion  is  very
uperficial,  i.e.  located  at  less  than  3  mm  from  the  skin,

nance (MR) imaging of the breast. (a): MR image in the axial plane
eral aspect of the left breast. The mass displays a ring enhance-
nd identifies an irregular shaped hypoechoic mass with ill-defined
geneously soft (blue) on shear-wave elastography image with an
sly stiff (blue) on strain elastography image (Tsukuba score of 4).
ive ductal carcinoma grade II. Shear-wave elastography yielded a

 result.



576  

Figure 7. 58-year-old woman who underwent magnetic reso-
nance (MR) imaging of the breast for preoperative staging (known
right-sided invasive Grade 3 carcinoma). (a): MR image in the axial
plane shows an unexpected, 7-mm, oval, enhancing mass in the
left (contralateral) breast (arrow), classified as BIRADS IVb; (b):
Subsequent MR-directed ultrasound identifies a questionable sub-
tle, isoechoic oval mass, against a fatty background (arrows); (c):
On strain elastography image, both the entire isoechoic lesion and
slight surrounding region are blue, indicating a Tsukuba elasticity
score of 5. Histopathological analysis after ultrasound-guided biopsy
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ielded the diagnosis of invasive ductal carcinoma Grade 2. Strain
lastography yielded a true-positive result.

hen  deeply  located,  or  when  the  lesion  is  larger  than  the
eld  of  view  box  [4,20].

onclusion

s  reflected  by  our  survey,  breast  radiologists  shy  away

rom  routinely  using  sonoelastography,  which  is  perceived
s  an  unreliable  diagnostic  tool  and  difficult  to  apply  in
aily  practice.  A  good  learning  process  and  awareness  of
B.  Mesurolle  et  al.

he  advantages  and  limitations  of  this  technique  may  help
otivate  breast  radiologists  to  use  it  to  their  advantage.
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