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Introduction

Sarcom a, a m e s e nch ym al origin tum or, accounts  for
th e  burde n of about 21%  of pe diatric population and
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INTRODUCTION: Vas cular invas ion by prim ary s oft tis s ue  or bony s arcom as  is  rare  ye t ve ry im portant fe ature
in te rm s  of m anage m e nt de cis ions . MRI is  cons ide re d m odality of ch oice  in m os t of th e  m us culos k e le tal tum ors
be caus e  of its  capability to be tte r de line ate  anatom y, e xte nt of intraos s e ous  and intram us cular tum or involve m e nt
and tum oral re lations h ip w ith  adjace nt ne urovas cular bundle s . In th e  pas t ye ars , vas cular invas ion w as  e valuate d
by angiograph y w as  cons ide re d as  im aging m odality of ch oice . H ow e ve r, s ince  th e  pas t de cade , contras t e nh ance d
MRI is  large ly re placing th e  angiograph y as  im aging m odality as  it is  ch e ape r, non-invas ive  and doe s  not us e
ioniz ing radiations  and re duce d im aging tim e . PURPOSE: To e valuate  th e  diagnos tic accuracy of contras t-
e nh ance d MRI in th e  de te ction of vas cular invas ion in cas e s  of bone  and s oft tis s ue  s arcom as  of lim bs  tak ing
s urgical findings  as  gold s tandard. MATERIALS AND METHODS: Afte r th e  approval from  th e  e th ical re vie w
board, re te ros pe ctive  s tudy w as  pe rform e d from  th e  pe riod of 1s t January 2018 to 30th  June  2018 us ing th e
databas e  of Sh auk at K h anum  M e m orial Cance r H os pital and Re s e arch  Ce nte r. Patie nts  w ith  b iops y-prove n
s arcom a of bone  or s oft tis s ue s  of lim bs  w e re  tak e n and th e ir pre -ope rative  MRI s cans  w e re  re -e valuate d for
th e  MRI fe ature s  of vas cular invas ion. Findings  of MRI w ill th e n be  corre late d w ith  s urgical findings  and w ill be
labe lle d as  pos itive  or ne gative  on th e  bas is  of pe r-ope rative  pre s e nce  or abs e nce  of vas cular invas ion. RESULTS:

A total of 50 s arcom a patie nts  w e re  include d in th is  s tudy. Out of th e s e  50 patie nts , vas cular e ncas e m e nt by
tum or w as  re porte d in 7 cas e s  (14% ) on bas e line  MRI; w h ile  8 patie nts  (16% ) h ad vas cular e ncas e m e nt on
s urge ry. 1 cas e  (2% ) w as  re porte d as  pos itive  for vas cular e ncas e m e nt on MRI but w as  ne gative  on s urge ry
(fals e  pos itive ). 2 cas e s  (4% ) w e re  re porte d to be  ne gative  for vas cular e ncas e m e nt on MRI but w e re  pos itive
on s urge ry (fals e  ne gative ). 40 cas e s  (80% ) s h ow e d no vas cular involve m e nt on both  MRI and on s urge ry.
Pe ars on ch i-s q uare  p-value  w as  calculate d to be  0.000 w h ich  confirm s  th e  s ignificance  of th e  re s ults ). Th e
s e ns itivity of MRI in de te cting vas cular invas ion w as  calculate d to be  77.78% , s pe cificity w as  9 7.56%  and
diagnos tic accuracy w as  9 4.00% . CONCLUSION: Contras t e nh ance d MRI prove d to be  re liable  and an accurate
im aging m odality in th e  e valuation of ne urovas cular e ncas e m e nt.
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le s s  th an 1%  of adult s olid m alignant cance rs . It is
bas ically a re pre s e ntative  of a num be r of m alignancie s



rath e r th an a s ingle  tum or. According to one  of th e
publication, m ore  th an 50 h is tologic s ubtype s  e xis t,
th e  tw o m os t com m on groups  are  m alignant bone
tum ors  and s oft tis s ue  s arcom as .1 Anoth e r s tudy
s tate d th at bone  s arcom as  accounts  for 0.2%  of all
m alignant tum ors  w ith  5 ye ar s urvival rate  of 67.9 % .
Ce rtain bone  tum or s ubtype s  are  as s ociate d w ith
inh e rite d s yndrom e s  w h ile  s om e  are  link e d w ith  non-
ne oplas tic pre curs ors  and de ve lop in th e  pre -e xis ting
be nign tum ors .2

MRI plays  a gre at role  in local s taging and h e lps  in
s urgical planning as  it as s e s s e s  th e  intram e dullary
e xte ns ion/dim e ns ions , articular e xte ns ion and invas ion
of adjace nt s tructure s  including ph ys e al plate s , m us -
cular and ne urovas cular bundle s . It als o h e lps  in
re s taging afte r ne oadjuvant th e rapy and th e  pos t
th e rapy follow up.3

Many s tudie s  h ave  publis h e d in th e  account of th e
role  of MRI in local s taging of s arcom as , m os t of th e
s tudie s  s h ow  h igh  s e ns itivity and s pe cificity of MRI
in th e  as s e s s m e nt of os s e ous , articular and ne urovas -
cular invas ion. H ow e ve r, th e  crite ria of ne urovas cular
bundle  e ncas e m e nt de te rm ine d by MRI h as  not be e n
cle arly de fine d. Mos t of th e  s tudie s  s tate  th at, if th e
fat or tis s ue  plane s  be tw e e n th e  tum or and ne uro-
vas cular s tructure s  are  pre s e rve d, it is  not cons ide re d
as  invas ion and com ple te  ne urovas cular e ncas e m e nt
is  cons ide re d as  invas ion. Th e  inde te rm inate  le ve l of
contact be tw e e n th e  tum or and ne urovas cular s truc-
ture  is  s till unce rtain. According to one  of th e  s tudy
by Panice k  and cow ork e rs , an e ncas e m e nt of m ore
th an 180° is  a good pre dictor of ne urovas cular
invas ion.4

Th e  purpos e  of our s tudy is  to e valuate  th e  diagnos tic
accuracy of MRI in th e  de te ction of vas cular invas ion
in cas e s  of bone  and s oft tis s ue  s arcom as  of lim bs
tak ing s urgical findings  as  gold s tandard.
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w e re  include d in th e  s tudy. Inclus ion crite ria w e re :
(a) biops y prove n bony or s oft-tis s ue  s arcom a; (b)
tum or localiz e d to th e  e xtre m itie s ; (c) pre ope rative
bas e line  MR e xam ination follow ing intrave nous
contras t adm inis tration; and (d) s urge ry in our h os pital
(local re s e ction or am putation).  Afte r th e  initial s e arch ,
68 patie nts  w e re  re trie ve d from  th e  h os pital databas e ;
of w h ich  50 pas s e d th e  inclus ion crite ria and w e re
inducte d in th e  s tudy. Th e  re m aining 18 patie nts  w e re
e xclude d from  th e  s tudy as  th e y did not fall unde r th e
inclus ion crite ria.
MRI im aging w as  pe rform e d at 1.5 Te s la (Ph ilips
Inge nia) and 3.0 Te s la (Sie m e ns  Magne tom  Vida)
s ys te m s . De dicate d s urface  coils  w e re  us e d de pe nding
upon th e  tum or location. Th e  MRI protocol com pris e d
orth ogonal plane  im aging w ith  axial and longitudinal
plane  s e q ue nce s , w ith  th e  latte r be ing e ith e r coronal
or s agittal de pe nding on th e  tum or location. Th e
s tandard dos e  of intrave nous  contras t gadobutrol
(Gadovis t® ) w as  give n to all patie nts  (i-e  0.1 m m ol
pe r k ilogram  of body w e igh t)
MRI im age s  of th e s e  50 patie nts  w e re  th e n re tro-
s pe ctive ly e valuate d by 2 radiology fe llow s  inde -
pe nde ntly; s upe rvis e d by 1 cons ultant m us culos k e le tal
radiologis t for th e  MRI fe ature s  of ne urovas cular
invas ion. Both  th e  fe llow s  w e re  blinde d to pre vious
MRI re ports  and s urgical outcom e . Ne urovas cular
e ncas e m e nt w as  e valuate d on T2 w e igh te d and T1
pos t contras t fat s aturate d im age s  firs t by obs e rving
th e  s patial re lations h ip be tw e e n th e  tum or and th e
m ajor ne urovas cular bundle  i-e  if th e re  w as  dis tance
be tw e e n th e  tum or and adjace nt m ajor ne urovas cular
bundle  <5 m m  or not and if th e  fat plane  be tw e e n th e
tum or and adjace nt ne urovas cular bundle  is  pre s e rve d
or los t. If th e  dis tance  w as  < 5m m  th e n th e  e xte nt of
tum or contact to th e  adjace nt ne urovas cular bundle
w as  obs e rve d us ing 3 point s cale  i-e   9 0°, 9 1°-180°
or > 180°. Furth e rm ore , it w as  als o note d if th e  tum or
is  caus ing dis place m e nt of ve s s e l or re s ulting in any
de gre e  of vas cular occlus ion/s te nos is . Findings  of
MRI w e re  th e n corre late d w ith  s urgical findings  and
labe lle d as  pos itive  or ne gative  on th e  bas is  of pe r-
ope rative  pre s e nce  or abs e nce  of vas cular invas ion.

Material and Methods

Th e  s tudy w as  approve d by our ins titutional re vie w
board w h ich  w aive d th e  re q uire m e nt for inform e d
cons e nt. Th e  clinical data of patie nts  tre ate d for
s arcom a at Sh auk at K h anum  M e m orial Cance r
H os pital and Re s e arch  Ce nte r, Lah ore  be tw e e n 1s t

January 2018 and 30th  June  2018 w e re  re tros pe ctive ly
e valuate d. Only patie nts  fulfilling th e  inclus ion crite ria

Results

A total of 50 s arcom a patie nts  w e re  include d in th is
s tudy. Out of th e s e  50 patie nts  28 w e re  m ale s  (56% )
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Table 1a: Diagnos tic accuracy of Contras t e nh ance d MRI in
de te ction of vas cular invas ion by lim b s arcom as

Vascular involvement
on MRI

40

80.0 %

2

4.0 %

42

84.0%

.000

.000

Absent

Present

Total

Absent Present
Total p

1

2.0 %

7

14.0 %

8

16.0%

41

82.0 %

9

18.0 %

50

100.0%

and 22 w e re  fe m ale s  (44% ) (Fig. 1). Age  range  w as
from  02-80 ye ars  w ith  m e an age  of pre s e ntation of
78 ± 19 .7 ye ars . Uppe r e xtre m ity w as  involve d in 09
cas e s  (18% ) w h ile  low e r e xtre m ity w as  involve d in
41 cas e s  (82% ) (Fig. 2). Lim b s aving s urge ry w as
pe rform e d in 43 patie nts  (86% ) w h ile  7 patie nts
unde rw e nt am putation (14% ) (Fig. 3). Th e  m os t
com m on h is tological type  of s arcom a obs e rve d in
our s tudy w as  s pindle  ce ll s arcom a 18 cas e s  (36% )
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fibros arcom a, rh abdom yos arcom a and m yxoid
fibros arcom a) w e re  01 e ach  (2%  e ach ) (Fig. 4).
Vas cular e ncas e m e nt by tum or w as  re porte d in 7
cas e s  (14% ) on bas e line  MRI; w h ile  8 patie nts  (16% )
h ad vas cular e ncas e m e nt on s urge ry. 1 cas e  (2% )
w as  re porte d as  pos itive  for vas cular e ncas e m e nt on
MRI but w as  ne gative  on s urge ry (fals e  pos itive ).

44%

56%

Males Females

Figure 1: Male  : Fe m ale  Ratio 2 cas e s  (4% ) w e re  re porte d to be  ne gative  for vas cular
e ncas e m e nt on MRI but w e re  pos itive  on s urge ry
(fals e  ne gative ). 40 cas e s  (80% ) s h ow e d no vas cular
involve m e nt on both  MRI and on s urge ry. Pe ars on
ch i s q uare  p-value  w as  calculate d to be  0.000 w h ich
confirm s  th e  s ignificance  of th e  re s ults  (Tab. 1a). Th e
s e ns itivity of MRI in de te cting vas cular invas ion w as
calculate d to be  77.78% , s pe cificity w as  9 7.56 % ,
pos itive  pre dictive  value  (PPV) w as  87.50% , ne gative
pre dictive  value  (NPV) w as  9 5.24%  and diagnos tic
accuracy w as  9 4.00%  (Tab. 1b)

9

41

Upper limb Lower Limb

Upper limb: Lower limb involvement

Figure 2: Uppe r lim b : Low e r lim b involve m e nt

Figure 3: Lim b s alvage  s urge ry: Am putation

follow e d by os te os arcom a 9  cas e s  (18% ), s ynovial
s arcom a 9  cas e s  (18% ), e w ing’s  s arcom a 4 cas e s
(8% ), undiffe re ntiate d ple om orph ic s arcom a 4 cas e s
(8% ), m yxoid lipos arcom a 2 cas e s  (4% ), ch ondro-
s arcom a 1 cas e  (2% ) and m is ce llane ous  (de rm ato-

Figure 4: H is tological type s

Discussion

Sarcom as  are  rare  m e s e nch ym al tum ors 5 w h ich
affe cts  e xtre m itie s  in approxim ate ly 50%  of th e  cas e s 6;
out of w h ich  a vas t m ajority (80% ) involve s  th e  low e r



Sensitivity

Specificity

Positive Predictive Value (PPV)

Negative Predictive Value (NPV)

Diagnostic accuracy

Table 1b: Diagnos tic accuracy of Contras t e nh ance d MRI in
de te ction of vas cular invas ion by lim b s arcom as

Statistics Estimate

77.78%

97.56%

87.50%

95.24%

94.00%

e xtre m itie s .7 Th e s e  tum ors  can occur at any age
w ith out any ge nde r pre dile ction.6 Th e  m os t com m on
h is tological type  of s arcom a is  Undiffe re ntiate d
ple om orph ic s arcom a (m alignant fibrous  h is tiocy-
tom a).7 MRI is  th e  m odality of ch oice  for th e  e valuation
of s arcom a and its  local s taging; w ith  its  e xce lle nt
contras t re s olution it is  e xtre m e ly us e ful in de picting
th e  ch aracte ris tics  of s arcom a, e xte nt of le s ion and
its  re lations h ip w ith  adjace nt s tructure s  including
joints  and ne urovas cular bundle s 8 re s ulting in s igni-
ficant incre as e  in lim b s alvage  s urge rie s .4 Us ually,
th e  puls e  s e q ue nce s  us e d to im age  s arcom as  include
an initial localiz e r of large  fie ld w h ich  h e lps  in im m e -
diate  as s e s s m e nt of th e  tum or location and e xte nt
w h ich  in turn h e lps  in furth e r im age  planning for
re m aining s e q ue nce s  i-e  T1 and T2 w e igh te d, fluid
s e ns itive  or fat s uppre s s e d and pos t contras t
s e q ue nce s .
Sarcom a is  e valuate d locally on th e  bas is  of its  s iz e ,
location i-e  s upe rficial or de e p to fas cia; inte r-or
intram us cular or os s e ous , pe rile s ional e de m a, involve d
m us cular com partm e nt, its  re lations h ip w ith  adjace nt
ne urovas cular bundle s , bone  and joint.6,9  Nodal
involve m e nt is  rare  in s arcom a.10 Ne urovas cular invo-
lve m e nt can be  as s e s s e d by care fully e valuating th e
inte rve ning fat be tw e e n th e  tum or and ne urovas cular
bundle s ; los s  of fat plane s  be tw e e n th e  m as s  and
ne urovas cular bundle s  is  cons ide re d as  involve d.
Furth e rm ore , it is  als o im portant to de fine  th e  e xact
de gre e  of vas cular invas ion i-e  if th e  tum or is  partially
or com ple te ly e ncas ing th e  adjace nt ve s s e ls  be caus e
it h as  s ignificant im pact on th e  s urgical planning and
approach  to s e le ct be tw e e n an am putation or lim b
cons e rvation and re cons truction s urge ry. In cas e s
w h e re  th e  tum or com ple te ly e ncas e s  th e  m ajor ne uro-
vas cular bundle , it is  ofte n s acrifice d re s ulting in
s ignificant functional de ficit but th is  can be  m inim iz e d
by ne w e r te ch niq ue s  lik e  dis tal ne rve  trans fe r and
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ne rve  grafting or vas cular re cons truction.11 Since
th e s e  te ch niq ue s  re q uire  additional s urgical e xpe rtis e ;
pre -ope rative  k now le dge  of th e  e xte nt of ne urovas cular
involve m e nt is  ve ry e s s e ntial.
Surge ry is  th e  m ains tre am  tre atm e nt option for s ar-
com as  and is  cons ide re d as  th e  gold s tandard in
th os e  tum ors  in w h ich  re s e ction can be  pe rform e d
w ith out s acrificing adjace nt s tructure s  lik e  m ajor blood
ve s s e ls , ne rve s  or bone  w ith  cle ar m argins .6 Unfor-
tunate ly, th is  approach  is  lim ite d only to th e  s m all
tum ors  th at are  s upe rficial to th e  fas cia; but it s h ould
als o be  k e pt in m ind th at th os e  s upe rficial le s ions
w h ich  appe ar infiltrative  or m ultinodular or are  as s o-
ciate d w ith  s ignificant pe rile s ional e de m a or adjace nt
to th e  bone  are  tre ate d w ith  radiation as  w e ll in
addition to th e  s urge ry to pre ve nt local re curre nce .12

On th e  contrary, large r le s ions  de e p to th e  fas cia and
le s ions  w h ich  occur in e xtracom partm e nt re gions  lik e
axilla, poplite al fos s a, cubital fos s a and fe m oral
triangle s  lack  m us cular fas cia are  alw ays  tre ate d w ith
radioth e rapy in addition to th e  s urge ry to pre ve nt
local re curre nce  as  s urge ry alone  is  lik e ly to s pare
m icros copic dis e as e .6,13 Low  grade  lipom atous  le s ions
are  an e xce ption to th is  crite ria be caus e  th e y us ually
do not re cur or m e tas tas iz e ; h ow e ve r, radiation can
be  cons ide re d if th e re  is  any local re curre nce . Th e
prim e  goal of s urge ry is  to ach ie ving ade q uate  re s e c-
tion w ith  w ide  cle ar m argins  is  to m inim iz e  th e  ris k
of dis e as e  re curre nce  for w h ich  it is  im portant to
re s e ct ps ue docaps ule  as  w e ll as  norm al tis s ue
s urrounding th e  tum or.14 It is  im portant to unde rs tand
th at th e  pe ritum oral e de m a w h ich  ofte n e xte nds  far
be yond th e  m ain tum or can als o contain m icros copic
tum or.15 Th e  w ide  cle ar re s e ction m argin is  de fine d
as  re s e ction of tum or along w ith  1-2 cm  of norm al
tis s ue  i-e  s k in, m us cle  or fat in all plane s  or 1 m m  of
fas cia as  it provide s  an e xce lle nt barrie r to th e  inte r-
com partm e nt tum or s pre ad.6,15 Alte rnative ly, radical
e xcis ion can als o be  pe rform e d in w h ich  th e re  is
com ple te  re s e ction of th e  involve d com partm e nt. Th is
provide s  an e xce lle nt control to th e  local tum or s pre ad
but at th e  cos t of s ignificant functional com prom is e .6

In our s tudy, w e  e valuate d 50 patie nts  of biops y pro-
ve n s arcom a on bas e line  contras t e nh ance d MRI.
Contras t e nh ance d M RI not only h e lps  in e as y
ide ntification of th e  dire ct tum oral vas cular invas ion16

but als o h e lps  in acce s s ing th e  tum or vas cularity (Fig.
5a, b, c).17 On MRI w e  re porte d 07 cas e s  as  pos itive



for vas cular e ncas e m e nt and 40 patie nts  ne gative
for vas cular e ncas e m e nt; w h e re as , s urgical findings
confirm e d pre s e nce  of vas cular e ncas e m e nt in 08
patie nts  and 42 patie nts  w e re  ne gative  for vas cular
e ncas e m e nt. Th e s e  re s ults  s h ow  th at contras t e nh an-
ce d MRI is  an e xce lle nt te ch niq ue  to ide ntify vas cular
e ncas e m e nt corre ctly pre -ope rative ly. W e  obs e rve d
s e ve ral lim itations  in our s tudy w h ich  ne e ds  to be
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cons ide re d. Firs tly, th e  de s ign of s tudy w e  conducte d
w as  re tros pe ctive . Se condly, th e  num be r of patie nts
w as  lim ite d. Th irdly, s urge ons  w e re  not blind to th e
MRI findings  as  a re s ult of th is  ce rtain abnorm alitie s
m igh t h ave  be e n influe nce d.

Figure 5a: MRI axial T1W I s h ow ing large  m as s  involving th e
vas tus  m e dialis  m us cle  in ante rom e dial as pe ct of righ t th igh ; Note
th e  tum or is  com ple te ly e ncas ing th e  adjace nt fe m oral ve s s e ls

and ne rve  and is  clos e ly applie d to m e dial s urface  of fe m ur w ith
intact corte x.

Figure 5b: MRI axial T2W I s h ow ing large  h e te roge nous  m as s
involving th e  vas tus  m e dialis  m us cle  in ante rom e dial as pe ct of
righ t th igh ; Note  th e  tum or is  com ple te ly e ncas ing th e  adjace nt
fe m oral ve s s e ls  and ne rve  and is  clos e ly applie d to m e dial s urface

of fe m ur w ith  intact corte x.

Figure 5c: MRI axial T1 pos t contras t s h ow ing large
h e te roge ne ous ly e nh ancing m as s  involving th e  vas tus  m e dialis
m us cle  in ante rom e dial as pe ct of righ t th igh ; Note  th e  tum or is

com ple te ly e ncas ing th e  adjace nt fe m oral ve s s e ls  and ne rve  and
is  clos e ly applie d to m e dial s urface  of fe m ur w ith  intact corte x.

Conclusion

Contras t e nh ance d MRI prove d to be  re liable  and an
accurate  im aging m odality in th e  e valuation of
s arcom as  and is  h igh ly s e ns itive  and s pe cific in th e
e valuation of ne urovas cular e ncas e m e nt.
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