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Introduction

Bre as t cance r is  one  of th e  le ading caus e s  of cance r
de ath  am ong fe m ale  all ove r th e  w orld w ith  an
e s tim ate d 1.7 m illion ne w  cas e s  pe r ye ar and 521,9 00
de ath s .1 In Pak is tan about 9 0,000 ne w  cas e s  are
re porte d e ve ry ye ar w ith  h igh  incide nce  in Karach i
and caus e  cance r-re late d de ath  in 40,000 w om e n
pe r ye ar re s ulting in gre at s ocial, ps ych ological and
e conom ic im pact.2

Ove r tim e , th e re  is  progre s s ive  im prove m e nt of im a-
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OBJECTIVE: To de te rm ine  th e  diagnos tic accuracy of s h e ar- w ave  e las tograph y in de te rm ining bre as t m alignancy
in s us picious  bre as t le s ions  ne e ding furth e r radiologic e valuation, k e e ping h is topath ology as  gold s tandard.
METHODS: Th is  cros s -s e ctional s tudy w as  conducte d in Radiology de partm e nt, Dr. Ruth  K. M Pfau Civil H os pital,
Karach i from  March  2016 to January 2017. Th is  s tudy include d 170 patie nts  re fe rre d for s h e ar-w ave  e las tograph y
(SW E) w ith  s us pe cte d m alignant bre as t le s ions  cons ide re d BIRADS - 0 or IV on m am m ograph y or ultras ound.
Elas tograph y w as  pe rform e d afte r tak ing de taile d h is tory, bre as t e xam ination, m am m ograph y and gray s cale
ultras ound. Elas tograph y findings  w e re  re corde d and com pare d w ith  th e  h is topath ology. Th e  prim ary pe rform ance
outcom e s  of s h e ar-w ave  e las tograph y w e re  de te rm ine d in te rm s  of s e ns itivity, s pe cificity, accuracy, pos itive  and
ne gative  pre dictive  value s  agains t th e  h is topath ology. Pos t s tratification ch i s q uare  te s t w as  applie d tak ing
p-value   0.05 as  s ignificant. RESULTS: Th e  m e an age  of th e  patie nts  w as  44.03 ± 9 .31 ye ars . Me an s iz e  of
lum p w as  2.50 ± 2.29  cm  w ith  m e an duration of 6.48 ± 3.29  m onth s . Out of th e  170 patie nts , 108 (63.5% ) patie nts
w e re  diagnos e d as  m alignant by s h e ar-w ave  e las tograph y w h ile  109  (64.1% ) patie nts  by h is topath ology. Th e
s e ns itivity of s h e ar-w ave  e las tograph y w as  88.1%  w ith  s pe cificity of 80.3% , pos itive  pre dictive  value  of 88.8% ,
ne gative  pre dictive  value  of 79 .03%  and an ove rall accuracy of 85.29 % . CONCLUSION: SW E is  a us e ful adjunct
to m am m ograph y and conve ntional gray s cale  ultras ound to ide ntify bre as t m alignancy w ith  good accuracy in
s us picious  bre as t le s ion.
Keywords: Diagnos tic Accuracy, Sh e ar-W ave  Elas tograph y, Bre as t Malignancy, Bre as t Le s ions , H is topath ology
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ging te ch niq ue s  th at h ad le d to e arly de te ction of
bre as t cance r and de cline  in m ortality w orldw ide . But
s till a h igh  num be rs  of fals e -pos itive  and fals e -ne gative
findings  are  re porte d. So to ove rcom e  th is  e rror, ne w
diagnos tic im aging te ch niq ue s  are  adapte d to
ch aracte riz e  and diagnos is  th e  le s ion prope rly.
Elas tograph y is  a ne w  e m e rging im aging te ch niq ue
th at allow  q uantitative  m e as ure m e nt of tis s ue  s tiffne s s
and provide  tw o-dim e ns ional color m ap of e las ticity
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m am m ograph y w e re  e xclude d from  th e  s tudy.
Sam ple  s iz e  w as  calculate d by tak ing pre vale nce  of
bre as t cance r in w om e n in Pak is tan = 38.2% ,11 s e n-
s itivity of s h e ar w ave  e las tograph y for bre as t cance r
= 9 1% ,9  s pe cificity of s h e ar w ave  e las tograph y for
bre as t cance r = 82% .9   Confide nce  le ve l = 9 5%  ,
m argin of e rror = 6%  and 7%  for s e ns itivity and
s pe cificity re s pe ctive ly. Th e  calculate d s am ple  s iz e
w as  170. W ritte n inform e d cons e nt w as  obtaine d from
e ach  s ubje ct and pe rm is s ion w as  s ough t from
ins titutional e th ical com m itte e .
Fe m ale  patie nts  re fe rre d to Radiology de partm e nt
for s h e ar-w ave  e las tograph y w ith  s us pe cte d bre as t
m alignant le s ions  w e re  s e le cte d according to inclus ion
crite ria. Sus picious  m alignant bre as t le s ion is  de fine d
as  clinically s us pe cte d bre as t cance r patie nts  w ith
bre as t lum p or bloody nipple  dis ch arge  or both ,
s h ow ing BIRADS 0 or IV le s ion on m am m ograph y or
ultras ound. De taile d h is tory and bre as t e xam ination
w e re  done  in e ach  and e ve ry cas e . Elas tograph y w as
pe rform e d w ith  Aixplore r m ultiw ave  ultras ound s ys te m
(France ) by cons ultant radiologis t and analyz e d as
be nign and m alignant bre as t le s ion according to
m e an e las ticity (Em e an) value  m e as ure d in k Pa
(k iloPas cal). Cut-off value  of 50 k Pa for m e an e las ticity
w e re  s e le cte d for be nign/m alignant diffe re ntiation on
s h e ar w ave  e las tograph y,12-14 w ith  s e ns itivity of  9 1% 9

and s pe cificity of 82% .9  Th e n e las tograph y diagnos is
w as  com pare d w ith  h is topath ological diagnos is .
A databas e  w as  de ve lope d on SPSS for w indow s
ve rs ion 21. M e an and s tandard de viations  w e re
calculate d for q uantitative  variable s  lik e  age , s iz e  of
lum p, and duration of dis e as e . Fre q ue ncy and pe r-
ce ntage  w e re  calculate d for q ualitative  variable s  as
s h e ar w ave  e las tograph y and h is topath ological diag-
nos is  of m alignancy. Th e  diagnos tic accuracy of s h e ar
w ave  e las tograph y w as  de te rm ine d in te rm s  of
s e ns itivity, s pe cificity, pos itive  pre dictive  value  and
ne gative  pre dictive  value  and diagnos tic accuracy
agains t th e  gold s tandard i.e . h is topath ology. Pos t
s tratification applying ch i s q uare  te s t tak ing p-value
le s s  th an or e q ual to 0.05 as  s ignificant.

Methods

Th is  s tudy w as  a de s criptive  cros s -s e ctional conducte d
in Radiology de partm e nt, Dr Ruth  K .M . Pfau Civil
H os pital, Karach i (DUH S) from  2016 to January 2017.
It com pris e d fe m ale  patie nts  be tw e e n 20-60 ye ars  of
age  w ith  s us picious  m alignant bre as t le s ion on
ultras ound or m am m ograph y BIRADS - 0 or IV. Patie nts
w h o alre ady diagnos e d bre as t carcinom a, be nign
le s ions  on ultras ound or BIRADS II/III/V le s ion on

s upe rim pos e d on th e  gray s cale  ultras ound.3 Bre as t
cance rs  are  s tiffe r com pare d w ith  norm al tis s ue s  and
be nign m as s e s .3 Th e re  are  tw o principal e las tograph ic
approach e s  i.e . Static (Strain) and trans ie nt (Sh e ar
w ave ) e las tograph y.3,4 Strain e las tograph y provide s
q ualitative  inform ation but not q uantitative  and is
ope rator de pe nde nt w h ile  s h e ar w ave  e las tograph y
is  ope rator inde pe nde nt, q uantitative  and re pro-
ducible .3,5

Sh e ar w ave  e las tograph y (SW E) re lie s  on an acous tic
radiation force  ge ne rate d by a focus e d ultras ound
be am  autom atically th at induce s  th e  m e ch anical
vibration of tis s ue s  s o it is  non-ope rator de pe nde nt.3,6

Th is  localiz e d m e ch anical vibration of tis s ue s  corre -
late s  in dire ct proportion to th e  tis s ue  e las ticity, and
track s  to calculate  propagation ve locity w ith  options
of m e an, m inim um  and m axim um  e las ticity in a re gion
of inte re s t.7,8 SW E is  a us e ful tool to ch aracte riz e
and diffe re ntiate  bre as t m as s e s  as  be nign and
m alignant le s ions  bas e d on th e ir tis s ue  s tiffne s s .3

SW E incre as e s  th e  accuracy and s pe cificity of B-
m ode  ultras onograph y to ide ntify th e  m alignant bre as t
m as s e s  and to re duce  th e  biops ie s  for be nign bre as t
m as s e s .9 ,10 It als o provide s  obje ctive  inform ation for
acce s s ing pre ope rative  prognos is  or re s pons e  to
ch e m oth e rapy,3,10 but its  accurate  clinical re s ults  are
s till not re porte d in de tail.
Th e re  is  a paucity of lite rature  and local data parti-
cularly re garding th e  us e  of s h e ar w ave  e las tograph y
for diffe re ntiating bre as t m as s e s  s o th e  curre nt s tudy
w as  conducte d to de te rm ine  th e  diagnos tic accuracy
of s h e ar w ave  Elas tograph y in de te rm ining bre as t
m alignancy in s us picious  bre as t le s ions  cate goriz e d
as  BIRADS 0 or IV on m am m ograph y or ultras ound
re q uiring additional im aging, tak ing h is topath ology
as  gold s tandard.

Results

Total 170 fe m ale  patie nts  w e re  include d in th e  s tudy
to de te rm ine  th e  diagnos tic accuracy of s h e ar w ave
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Th is  s tudy s h ow e d s e ns itivity of 88.1% , s pe cificity of
80.3% , PPV of 88.8% , NPV of 79 .03%  and accuracy
of 85.29 %  w h e n SW E diagnos is  of bre as t le s ion w as
com pare d w ith  gold s tandard (h is topath ology).

e las tograph y (SW E) in de te rm ining bre as t m alignancy
in s us picious  bre as t le s ion, tak ing h is topath ology as
gold s tandard. Th e  s ubje cts  w e re  be tw e e n 20-60
ye ars  of age  w ith  m e an age  of 44.03 ± 9 .31 ye ars .
Th e  m e an s iz e  of lum p w as  2.50 ± 2.29  cm  w ith
m inim um  s iz e  of 0.5cm  and m axim um  of 8.1cm . Th e
ove rall m e an duration of dis e as e  w as  6.48 ± 3.29
m onth s  (Range : 1-12 m onth s ).
O ut of 170 patie nts , 108 (63.5% ) patie nts  w e re
diagnos e d m alignant and 62 (36.5% ) w e re  be nign
by s h e ar w ave  e las tograph y. Nine ty s ix patie nts  out
of 108 (88.9 % ) w h o labe le d as  m alignant le s ion by
SW E w e re  prove n m alignant w h ile  oth e r (11.1% )
w e re  cam e  out to be nign. Forty nine  patie nts  out of
62 (79 % ) w h o w e re  labe le d as  be nign le s ion by SW E
w e re  cam e  out be nign on h is topath ology w h ile  th e
re s t (21% ) w e re  found m alignant on h is topath ology
(Tab. 1).

Discussion

Bre as t cance r re m ains  a m ajor public h e alth  proble m
of fe m ale  in both  de ve lope d and de ve loping countrie s
due  to as s ociate d h igh  m orbidity and m ortality.4 So
th e  m e dical com m unity is  continuous ly s truggling to
im prove  im aging m e th ods  and to coordinate  th e
m ultidis ciplinary units . Elas tograph y is  a non-invas ive
e valuation of th e  s tiffne s s  of a le s ion w h ich  bas ically
corre late s  w ith  th e  am ount of fibros is . It e nh ance s
th e  s pe cificity of a bre as t le s ion by pre cis e  ch arac-
te riz ation w h ich  re duce s  th e  fals e  pos itive  re s ults  s o
us e ful in avoiding th e  bre as t biops y of be nign le s ion.15

Elas ticity is  inve rs e ly proportional to th e  s tiffne s s  of
th e  m ate rial and tim e  tak e n to re turn to its  natural
condition.4,15 Diffe re nt tis s ue s  h ave  diffe re nt e las ticity
s o th e y re s pond diffe re ntly.15

Th is  s tudy s h ow e d 88.1%  s e ns itivity, 80.3%  s pe cificity
and 85.29 %  accuracy of SW E in e valuation of
s us picious  bre as t le s ion w h ich  w as  com parable  w ith
th e  s tudy done  by Li e t al9  w h o de te rm ine d th e
s e ns itivity of 9 1% , s pe cificity of 82%  and accuracy
of 82.9 % . It is  als o com parable  to Itoh  e t al16 w h o
found s e ns itivity of 86.5% , s pe cificity of 89 .8%  and
accuracy of 88.3% . Th e  curre nt s tudy s h ow e d h igh e r
s e ns itivity and s pe cificity th an th at re porte d by
Iancule s cu e t al17 w h o re porte d a s e ns itivity of 80.4%

Figure 1: SW E and grays cale  ultras ound of a m alignant le s ion.
Sh e ar w ave  im aging s h ow e d a h e te roge ne ous  color m ap (s tiff)
w ith  Em e an of 75.5k Pa. Gray s cale  B-m ode  ultras ound s h ow e d a

lobulate d h ypoe ch oic le s ion.

Figure 2: SW E and grays cale  ultras ound im age  of a be nign
le s ion. Sh e ar w ave  im aging s h ow e d a h om oge nous  blue  color
m ap (s oft) w ith  Em e an of 3.9  k Pa. Gray s cale  B-m ode  s h ow ing a

w e ll de fine d oval h ypoe ch oic m as s .

Histopathology p-Value

SW E

Ch i s q uare  te s t w as  applie d.
P-Value  0.05 cons ide re d as  s ignificant.
* Significant at 0.05

Malignant
(n=109 )

Be nign
(n=61)

Total

M alignant
(n=108)

9 6 12 108

Be gnin
(n=62)

13 49 62

Total 109 61 170

Se ns itivity Spe cificity PPV NPV Accuracy

88.1% 80.3% 88.8% 79 .03% 85.29 %

Table 1: Diagnos tic accuracy of s h e ar w ave  e le as tograph y (SW E)
w ith  h is topath ology as  gold s tandard to diagnos e  bre as t cance r

(n=170)

<0.001*
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one  ve ndor’s  SW E e q uipm e nt. Th e  re s ults  and cut
off value s  of one  SW E s ys te m  m ay not be  applicable
to th e  oth e r m anufacture s ’ s ys te m . Anoth e r lim itation
w as  th e  low  ne gative  pre dictive  value  (NPV) in th is
s tudy e ith e r due  to diffe re nt de m ograph ic influe nce
or tum or m orph ology. Th e re fore  th e s e  findings  m igh t
not be  applicable  to w h ole  population and w arrants
furth e r re s e arch .

and a s pe cificity of 73%  but le s s  th an th os e  of Barr
e t al.18 (s e ns itivity 9 3% , s pe cificity 89 % ), O lgun e t
al.4 (s e ns itivity 9 7% , s pe cificity 9 5% ) and Evans  e t
al.13 (s e ns itivity 9 7% , s pe cificity 83% ). Th is  s tudy is
com parable  w ith  th e  s tudie s  by Guo e t al.5 and Ts ai
e t al.19  in te rm s  of s e ns itivity (89 .7%  vs . 84% ). Th is
variation in s e ns itivity m igh t be  due  to variable  tum or
s iz e  as  Evan e t al.13 found th at s m all bre as t tum ors
are  le s s  s tiff as  com pare d to large  one s  and Yao e t
al.20 de te rm ine d th at SW E h ad re lative ly low  s e ns itivity
in e valuation of bre as t le s ions  of <10m m .
Th e  pre s e nt s tudy s h ow e d com parable  re s ults  to th e
s tudie s  done  by Ch ang e t al3 (s e ns itivity 89 % ,
s pe cificity 85% , PPV 85%  and NPV 89 % ), Li e t al9

(s e ns itivity 9 1% , s pe cificity 82% , accuracy 82.9 % ,
PPV 82%  and NPV 89 % ) and Am any e t al.21 (s e n-
s itivity 83.3% , s pe cificity 88.1% , accuracy 86.7% ,
PPV 75%  and NPV 9 2.5% ) e xce pt th e  ne gative
pre dictive  value ; m os tly th e s e  s tudie s  us e d th e
com bine d B-m ode  ultras ound and e las tograph y
im aging in diffe re ntiating be nign and m alignant bre as t
le s ions . Th e  curre nt s tudy s h ow e d com parable  PPV
(88.8% ) to th e  s tudie s  conducte d by Olgun e t al.4

and Evans  e t al.13 Oth e r contributing factor m ay be
th e  diffe re nce  th at m igh t e xis ting in bre as t cance rs
com pos ition th at contributing th e  diffe re nt s tiffne s s
in As ian and non-As ian w om e n.
Th is  s tudy s h ow e d low  s pe cificity and NPV as
com pare d to various  inte rnational s tudie s  e ith e r due
to diffe re nt proportion of be nign and m alignant le s ions
in th e  s tudy population, variation in age , diffe re nt
s tudy population or variable  com bination of im aging
m odalitie s  us e d w ith  SW E. As  a large  proportion of
cance rs  in s tudy population prom ote  th e  h igh  PPV
w h ile  a large  proportion of be nign le s ions  contribute s
to h igh  NPV. Th e  various  s tudie s  s ugge s te d th at SW E
is  an additional valuable  tool to grays cale  ultras ono-
graph y to dis tinguis h  th e  be nign and m alignant bre as t
m as s e s  in orde r to re duce  th e  re pe at im aging and to
de cre as e  th e  biops y of be nign bre as t m as s e s .4,9 ,12

Mos t of pre vious  s tudie s  s h ow e d s tatis tical h e te ro-
ge ne ity, w h ich  m igh t be  due  to diffe re nt te s t/s tudy
proce dure s , s tudy de s ign, diagnos tic th re s h old of
m e an e las ticity for m alignancy, variation in s ubje ct
population/age  or com binations  of th e s e  factors .
Th e re  are  ce rtain lim itations  of th is  s tudy. Firs t, it w as
conducte d on a s m all s cale  at a s ingle  ce ntre  and
include d th e  urban population. Se cond w e  us e d only

Conclusion

Th is  s tudy s h ow s  th at th e  accuracy of s h e ar w ave
e las tograph y is  q uite  s atis factory in our s e tup for
ide ntifying bre as t m alignancy in s us picious  bre as t
le s ions  and re ducing th e  rate  of be nign biops y or
follow -up. Th ough  it is  e as y to pe rform  during routine
bre as t ultras ound e xam ination adding only s h ort
e xtra-tim e  but appropriate  k now le dge  re garding its
us e  and inte rpre tation is  re q uire d. Bre as t e las tograph y
is  a non-invas ive  us e ful im aging tool; w e  h igh ly
re com m e nd th at it s h ould be  practice d into routine
clinical practice  e s pe cially in e valuation and de cis ion
of inde te rm inate  le s ion w h e th e r it s h ould unde rgo
biops y or s h ort te rm  follow -up. And be caus e  of h igh
h e te roge ne ity, m ultice ntre  re s e arch e s  on a large
patie nt population from  diffe re nt re gions  are  ne ce s s ary.
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