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Introduction

Th e  m ain caus e  of cance r de ath  in w om e n w orldw ide
is  th e  bre as t cance r and it is  m os t ofte n diagnos e d
cance r th rough out th e  w orld. It is  accounte d for 23%
of all cance r cas e s  globally.1 As  s tate d by W H O pe r
ye ar m ore  th an 1.2 billion pe ople  are  diagnos e d w ith
bre as t cance r th rough out th e  w orld.2 Pak is tan h as
th e  h igh e s t incide nce  of bre as t cance r in As ia. Com -
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Ultras ound e las tograph y (SW  &  Strain) is  a m e dical im aging m e th od th at m aps  th e  e las tic prope rtie s  of s oft
tis s ue s  and provide s  additional ch aracte riz ation inform ation for re cogniz ing be nign and m alignant bre as t tum ors
ove r conve ntional s onograph y lik e  clinical palpation e xam ination but th e s e  m ode  s h ow s  color e las ticity m aps
w ith  q uantitative  value s  in re al tim e . Dopple r im aging can als o h e lp diffe re ntiate  be nign from  m alignant m as s e s .
SMI (s upe rb m icrovas cular im aging), ne w  ultras ound te ch niq ue  for e valuating m icro-ve s s e ls  and is  m ore  s e ns itive
in blood flow  de te ction th an conve ntional Dopple r. OBJECTIVE: To com pare  e las tograph y and s upe rb-m icrovas cular
im aging (SMI) w ith  gre y s cale  ultras ound and Dopple r re s pe ctive ly in be nign and m alignant bre as t le s ions .
METH OD: A com parative  cros s  s e ctional s tudy w ith  conve nie nt s am pling te ch niq ue  w as  us e d. Th e  s tudy w as
conducte d at Diagnos tic Radiology De partm e nt of Ins titute  of nucle ar m e dicine  and oncology Lah ore  (INMOL
H os pital) from  July 2016 to March  2017. A s am ple  of 105 w om e n w ith  s ym ptom s  and s cre e n de te cte d bre as t
m as s e s  prior to s urge ry, biops y or fine -ne e dle  as pirations  w e re  s e le cte d. RESULTS: Com paris on of ultras ound
e las tograph y, us ing e las ticity s core  ve rs us  B-m ode  ultras onograph y us ing bre as t im aging re porting and data
s ys te m  (BI-RADS). Tum ors  w e re  cons ide re d m alignant if th e y h ave  e las ticity s core  3 or h igh e r and e las ticity
value s  (>70 Kpa) along w ith  th e  h igh  vas cularity de te ction on SMI. Th e  s e ns itivity and s pe cificity of BI-RADS
w ith  e las tograph y w as  9 8.07%  and 85.71%  re s pe ctive ly. CONCLUSION: Ultras ound e las tograph y is  a noninvas ive
and re liable  m e th od to dis tinguis h  low -ris k  le s ions  and de cre as ing pointle s s  inte rve ntional diagnos tic m e th ods .
If w e  com bine d B-m ode  ultras ound w ith  s train, SW E and SMI on th e  le s ions , th e  diagnos tic pe rform ance  w ould
be  im prove d.
Ke y w ords : Bre as t cance r, Elas tograph y, s train e las tograph y, s h e ar w ave  e las tograph y, s upe rb-m icrovas cular
im aging (SMI), bre as t im aging re porting and data s ys te m  (BI-RADS)
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pare d to ne igh boring countrie s  lik e  India and Iran it
is  2.5 tim e s  h igh e r accounting for 34.6%  of th e  fe m ale
cance r.3 Th e  ch ance  of a w om e n to de ve lop bre as t
cance r in h e r life  is  approxim ate ly 1 in 8 (12% ).4 At
pre s e nt, m os t com m only pe rform e d diagnos tic te s ts
to de te ct bre as t cance r are  palpation, m am m ograph y
and s onograph y. Palpation is  e as y to pe rform  as
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and m alignant m as s e s  of bre as t.9  A ne w  type  of
e las tograph y is  s h e ar w ave  e las tograph y th at s h ow s
color e las ticity m aps  in re al tim e  in th e  form  of q uan-
titative  value s  along w ith  th e  propagation w ave s . To
produce  s h e ar w ave s  a h igh  inte ns ity puls e  is
trans m itte d, th at e xte nds  late rally from  th e  s ource .
Th e  propagation w ave s  of SW E can be  dis playe d.
Cance rous  tum ors  w ill ofte n be  h arde r th an th e
s urrounding tis s ue , and h ave  m ore  propagation s pe e d
(m /s ) and m ore  s tiffne s s  (Kpal).10 Elas ticity of tis s ue
can be  m e as ure d from  th e  s h e ar w ave  trans m is s ion
s pe e d by th e  Young Modulus  form ula. Elas ticity can
be  calculate d q uantitative ly; th e  re s ulting e las ticity
inde x is  m e as ure d in Kpal or m /s  and can be  dis playe d
in te rm s  of m e an, m axim um  or m inim um  e las ticity.
Strain e las tograph y can as s e s s  th e  tis s ue  e las ticity
by color m ap and fat-to-le s ion ratio.11 Th e  innovative
ultras ound te ch niq ue  calle d SMI, for s upe rb m icrovas -
cular im aging h as  prove n s upe rior to conve ntional
color and pow e r Dopple r ultras ound im aging w h e n it
com e s  to e valuating tum or vas cularity in bre as t cance r.
Accurate ly as s e s s ing tum or vas cularity can give  clini-
cians  k e y diagnos tic and prognos tic inform ation. SMI
us e s  m ultidim e ns ional filte r to cance l out clutte r
w ith out los ing de piction of blood flow ing at e xtre m e ly
low  ve locity.12 Th e  BI-RADS is  de s igne d to s tandardiz e
bre as t im aging - re porting and data s ys te m  w h ich
h as  be e n w ide ly adopte d as  ris k  as s e s s m e nt and
q uality as s urance  te ch niq ue  in m am m ograph y and
ultras ound, th e  late s t ve rs ion clas s ifie d le s ion in to
s ix cate gorie s . BI-RADS are  de s igne d to s tandardiz e
bre as t im aging re porting and to re duce  confus ion in
bre as t im aging inte rpre tation. It als o e as e s  out com e
and q uality e valuation.13

Th e re fore , th e  aim  of th e  s tudy w as  to apprais e  th e
pe rform ance  and accuracy of s h e ar w ave  e las to-
graph y, s train e las tograph y and SMI com paring w ith
BI-RADS clas s ification of gre ys cale  im age s  and Dop-
ple r to diffe re ntiate  be nign/m alignant le s ions .

com pare d to s onograph y and m am m ograph y but it
h as  lim ite d value  due  to low  s e ns itivity and confine d
accuracy.5 Clinicians  cannot de te ct bre as t tum ors  in
patie nts  w ith  de ns e  bre as ts , in about 50%  of cas e s .
Mam m ograph y can diagnos e  bre as t cance r e arly by
re ve aling ill-de fine d or s pe culate d m argins  or s om e
indire ct s ign, s uch  as  s and lik e  and acupuncture  lik e
calcifications . H ow e ve r, w h e n it is  pe rform e d in de ns e
or th ick  bre as t tis s ue , m ay ofte n yie ld fals e -ne gative
outcom e s . Als o, th e re  are  s om e  lim itations  to m am m o-
graph y w h ich  h as  be e n re porte d by s om e  re s e arch e rs
w h e n trying to de te ct lobular cance r, intraductal cance r
w ith out ch aracte ris tic m icrocalcifications , m ultifocal
cance r, local invas ive  cance r, and re curre nt cance r
afte r h orm one  re place m e nt th e rapy. Sonograph y is
ve ry s uitable  as  s cre e ning tool as  com pare d to oth e r
m e th ods  m e ntione d above  be caus e  of th e  follow ing
advantage s : non-invas ive  proce dure , s im ple  and re al-
tim e  dynam ic im aging.6 It te nds  to be  a be tte r pre dictor
of tum or s iz e  th an m am m ograph y and m ay de te ct
intraductal tum ours  e xte ns ion.7 Th e re  are  ch aracte -
ris tic m alignant fe ature s  on ultras ound: carcinom as
are  s e e n as  ill-de fine d m as s e s  and are  m ark e dly
h ypoe ch oic com pare d w ith  th e  s urrounding fat.
Carcinom as  te nd to be  talle r th an th e y are  w ide  (th e
ante rior to pos te rior dim e ns ion is  gre ate r th an th e
trans ve rs e  diam e te r). Th e  te xture , s iz e  and m argins
of th e  tum ors  h e lps  to de cide  w h e th e r cance r is  pre -
s e nt or not. On ultras ound norm al node s  are  w e ll-
de fine d oval h ypoe ch oic m as s e s  w ith  a ce ntral
e ch oge nic are a re pre s e nting th e  fatty h ilum . In w om e n
w ith  bre as t cance r it h as  be e n long re cogniz e d th at,
involve m e nt of axillary lym ph  node s  are  one  of th e
m os t im portant prognos tic factor.8 Elas tograph y is  a
m e dical im aging m e th od th at m aps  th e  e las tic
prope rtie s  of s oft tis s ue . Elas ticity is  de fine d as  m e ch a-
nical and biologic prope rty; it m e as ure s  s tiffne s s  of
s oft tis s ue s  w h ich  m ay be  diffe re nt in norm al and
dis e as e d organs . Be nign and m alignant tum ors  of
th e  bre as t can be  diffe re ntiate d us ing s train e las to-
graph y w h ich  dis plays  s tiffne s s  in color m ap. Strain
e las tograph y is  a re al tim e  im aging te ch niq ue  th at
utiliz e s  an e xte rnal force  to de form  tis s ue s  to e s tim ate s
tis s ue  s tiffne s s  from  th e  de gre e  of de form ation. H e nce
th is  te ch niq ue  is  bas e d on th e  fact h arde r tis s ue s
de form  le s s  th an s oft tis s ue s  unde r e xte rnal force
re s ulting in diffe re nt s train value s . Elas tograph y h as
be e n utiliz e d as  a te ch niq ue  to diffe re ntiate  be nign

Me th ods

A com parative  cros s  s e ctional s tudy w ith  conve nie nt
s am pling te ch niq ue  w as  us e d afte r approval from
ins titute  e th ical re vie w  board. Th is  s tudy w as  conduc-
te d at Radiology De partm e nt Ins titute  of nucle ar
m e dicine  and oncology Lah ore  (INMO L H os pital)
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Figure  3: Graph ical pre s e ntation s h ow ing Me an s tiffne s s  (SW )
in Kpal and m e an ve locity (s train e las tograph y) in m /s  according

to th e  BI-RADS

Table  1: Bre as t le s ions  w e re  clas s ifie d into be nign s us picious
and m alignant according to th e  FLR (s train e las tograph y) and

BI-RADS

BI-RADS

Benign
Lesion

Suspicious
Lesion Malignant Total

BIRADS-1

BIRADS-2

BIRADS-3

BIRADS-4

BIRADS-5

Total

1

29

2

3

2

37

0

0

9

3

2

14

0

1

2

26

25

54

1

30

13

32

29

105
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from  July 2016 to March  2017. A s am ple  of 105
w om e n w ith  s ym ptom s  and s cre e n de te cte d bre as t
m as s e s  b e fore  s urge ry, biops y or fine -ne e dle
as pirations  w e re  include d afte r approval from  e th ical
com m itte e s . Patie nts  w e re  s canne d by an ultras ound
s canne r (Tos h iba Aplio-500) w ith  a 7 - 14 MH z  h igh
fre q ue ncy line ar probe  w ith  s train e las tograph y, SW E
and SMI s oftw are . Th e  e ntire  bre as t w as  e xam ine d,
w ith  particular atte ntion paid to th e  re gion th at con-
taine d th e  bre as t m as s .

Re s ults

In th is  com parative  cros s -s e ctional s tudy, s am ple s
of 105 patie nts  w ith  th e  m e an age  of 35.53 ± 13.46
ranging from  14 to 70 ye ars  w e re  include d. All patie nts
unde rw e nt s onograph y (B-m ode ) and s ono-e las to-
graph y including s train and s h e arw ave  e las tograph y.
According to th e  e las ticity s core s  on s train e las to-
graph y, bre as t le s ions  w e re  clas s ifie d into be nign
s us picious  and m alignant. Of all le s ions , 37 (35% )
w e re  be nign, 14 (13% ) w e re  s us picious  and 54 (51% )
m alignant (Tab. 1 and Fig. 4). On s train e las tograph y
m os t m alignant le s ions  s h ow e d h igh  e las ticity s core
(FLR >3) and be nign le s ions  s h ow e d low  e las ticity
s core s  (FLR < 2.2). On SW E m os t m alignant le s ions
s h ow e d h igh  e las ticity value s  (>70 Kpa) and m os t
be nign le s ions  s h ow e d low  e las ticity value s  ( 60
Kpa) (Fig. 1 and 2). Th e  m e an e las ticity in Kpa and
m e an e las ticity s core s  in m /s  (ve locity) on SW  and
s train e las tograph y incre as e s  as  BI-RADS s core s
incre as e s  (Fig. 3). Th e  s e ns itivity and s pe cificity of

Figure  2: Be nign bre as t le s ion s h ow ing Le s ion is  s oft (Gre e n
color) w ith  FLR 0.38 along w ith  s am e  vas cularity on SMI and

conve ntional Dopple r

Figure  1: Malignant bre as t le s ion s h ow ing Le s ion is  h ard (Re d
color) w ith  FLR 3.17 along w ith  h igh  vas cularity on SMI th an

conve ntional Dopple r

B-m ode  ultras ound alone  w e re  68.4%  and 78.5%
re s pe ctive ly,25 w h e re  as  in th is  s tudy th e  s e ns itivity
and s pe cificity of B-m ode  ultras ound w ith  e las tograph y
w e re  9 8.07%  and 85.71%  re s pe ctive ly. By contras t,
a s tatis tically s ignificant diffe re nce  w as  note d. O n
color Dopple r SMI is  m ore  s e ns itive  th an conve ntional
Dopple r in flow  de te ction of bre as t le s ions  (Fig. 5).
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Dis cus s ion

Sono-e las tograph y is  a valuable  tool acq u ire
inform ation about th e  h ardne s s  of a tum or. Lik e  a
clinical palpation e xam ination, e las tograph y utiliz e s
th e  fat to le s ion ratio (FLR) and s h e ar w ave s  (SW )
propagating th rough  th e  le s ion to diffe re ntiate  bre as t
m as s e s . Th e  re s ults  of our s tudy re ve ale d s ignificantly
gre ate r s train ratio of th e  m alignant m as s e s   as
com pare d to th e  be nign m as s e s , as  3 or above  ratio
for m alignant m as s e s , 2.4 to 2.9  as  s us picious  m as s e s
and be low  2.4 as  be nign m as s e s . According to th e
FLR on s train e las tograph y, bre as t le s ions  w e re
clas s ifie d into be nign s us picious  and m alignant
m as s e s  and com pare d w ith  BI-RADS cate gorie s .
Pre vious  s tudie s  s h ow e d th at gre ys cale  ultras ound
and SW E are  ve ry s e ns itive  for de te ction of
m alignancy and th e  s train inde x bas e d on th e  FLR
h as  diagnos tic accuracy com parable  w ith  th at of B-
m ode  s onograph y for diffe re ntiation of be nign and
m alignant bre as t le s ions .15,16,17,18 In th is  s tudy, w h e n

com paring B-m ode  ultras ound w ith  e las tograph y th e
s e ns itivity and s pe cificity w e re  9 8.07 %  and 85.71 %
re s pe ctive ly. Th e  s e ns itivity and s pe cificity of B-m ode
ultras ound alone  w e re  68.4%  and 78.5%  re s pe c-
tive ly.25 As  th e  pre vious  s tudie s  conducte d by Ch ang
JM e t.al, and Th om as  A e t.al, s h ow e d th at corre s -
ponding to tum or grade , bre as t th ick ne s s  and le s ion
h is tological profile  s pe cificity and s e ns itivity of s train
and s h e ar w ave  e las tograph y w e re  diffe re nt, but can
im prove  ove rall diagnos tic pe rform ance , and calcu-
lation of SRs  contribute s  to th e  s tandardiz ation of
s ono e las tograph y w ith  h igh  s e ns itivity allow s  s igni-
ficant diffe re ntiation of be nign and m alignant bre as t
le s ions .14,20 Furth e rm ore  s train US im aging can h e lp
to e ffe ctive ly clas s ify be nign and m alignant bre as t
m as s e s .19 ,22 In addition in th is  s tudy, th e  innovative
ultras ound te ch niq ue  calle d SMI, for s upe rb m icro-
vas cular im aging, h as  prove n s upe rior to conve ntional
color Dopple r. Pre vious  s tudie s  s h ow e d th at in th e
diffe re ntial diagnos is  of avas cular be nign and m alig-
nant bre as t le s ions  SMI w as  valuable , particularly
th os e  in BI-RADS cate gory 423.24 Alth ough  biops y
re m ains  th e  gold s tandard for diagnos is  of s us picious
bre as t le s ion, a large  proportion of biops y s pe cim e ns
are  be nign.21 Th e re fore , to m inim iz e  unne ce s s ary
inte rve ntional proce dure s , a re liable  and noninvas ive
m e th od w ould be  ve ry fruitful. Ultras ound e las tograph y
is  a ve ry uncom plicate d and rapid m e th od w ith
s upe rior s e ns itivity and s pe cificity as  com pare d to
conve ntional s onograph y for de te cting bre as t tum ors .
If w e  com bine  B-m ode  ultras ound w ith  s train, SW E
and SMI, th e  diagnos tic value s  w ould be  e nh ance d.

Conclus ion

Ultras ound e las tograph y is  a noninvas ive  and re liable
m e th od to dis tinguis h  low -ris k  le s ions  and de cre as ing
pointle s s  inte rve ntional diagnos tic m e th ods . It’s  an
e xtre m e ly s im ple  and fas t te ch niq ue  w ith  be tte r
s e ns itivity and s pe cificity ove r conve ntional s ono-
graph y for ide ntifying bre as t tum ors . If w e  com bine d
B-m ode  ultras ound w ith  s train, SW E and do SMI on
th e  le s ions  th e  diagnos tic value s  w ould be  boos t.
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