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BACKGROUND: MRI and clinical s taging are  cons ide re d e s s e ntial for e valuation of urinary bladde r carcinom a.
Th ough  clinical s taging allow s  for im m e diate  biops y, but it can’t accurate ly dis tinguis h  s upe rficial from  invas ive
tum ors  and is  not capable  of de te cting e xte nt of e xtrave s ical dis e as e . OBJECTIVE: To de te rm ine  diagnos tic
accuracy of MRI in diffe re ntiating non-m us cle  invas ive  from  m us cle  invas ive  bladde r carcinom a tak ing
H is topath ological s taging as  a gold s tandard. METHODS: Total 58 patie nts  of e ith e r ge nde r h aving age  25 to
85 ye ars , cys tos copically prove n bladde r carcinom a w e re  include d and unde rw e nt MRI. Patie nt w ith  radiologically
ne gative  tum or w as  as s igne d s tage  T0. W h e n m ultiple  tum ors  are  pre s e nt, h igh e s t T Stage  w as  re pre s e nt tum or
s tage . Data w as  re groupe d to e valuate  accuracy of MRI in dis tinguis h ing s upe rficial ( T1) from  invas ive  ( T2).
H is topath ological grading s e rve d as  s tandard of re fe re nce . RESULTS: Th e re  w e re  49  m ale s  and 9  fe m ale  w ith
age  range d from  25 to 85 ye ars . Total 52 patie nts  s h ow e d pre s e nce  of bladde r tum or. On final h is topath ological
s taging 20 patie nts  h ave  Ta-T1, 8 patie nts  h ave  s tage  T2b, 18 patie nts  h ave  s tage  T3a-b, 4 patie nts  h ave  s tage
T4a and 2 patie nts  h ave  s tage  T4b. Tum or s iz e  range  w as  0.4-7.5 cm . 10 patie nts  h ad m ore  th an one  tum or
de te cte d by MRI. Th e  s e ns itivity, s pe cificity, and diagnos tic accuracy of MRI for de te ction of invas ive  tum ors  w e re
88% , 81% , and 77%  re s pe ctive ly. CONCLUSION: MR im aging h as  vas t advantage s  and gre at accuracy is
pos s ible  in de te ction of de e ply invade d bladde r tum or.
Key Words: Diagnos tic Accuracy; MRI; Non-m us cle  invas ive  bladde r carcinom a; Mus cle  invas ive  bladde r
carcinom a

ABSTRACT

Introduction

Bladde r Cance r (BCa) is  a h e te roge ne ous  dis e as e ,
w ith  70%  of patie nt’s  pre s e nting w ith  s upe rficial tu-
m ors  and 30%  pre s e nting as  m us cle  invas ive  dis e as e
as s ociate d w ith  a h igh  ris k  of de ath  from  dis tant m e -
tas tas e s .1,2 Bladde r cance r accounts  for 6-8%  of
ove rall m alignancy in m e n and 2-3%  in w om e n.3

Mos t ofte n BCa pre s e nt w ith  painle s s  h ae m aturia.4

Th e  principal clinical findings  of m us cle  invas ive
dis e as e  cons is t of gros s  or m icros copic h e m aturia

and, to a m uch  le s s e r e xte nt, voiding dys function or
pe lvic pain.5

Clinical and im aging as s e s s m e nts  are  im portant for
bladde r cance r s taging; h ow e ve r, im aging as s e s s m e nt
form s  a vital part of th e  m anage m e nt protocol.6,7

Cys tos copy w ith  biops y is  s till th e  gold s tandard tool
for bladde r cance r s taging due  to its  h igh  s e ns itivity
in de te cting le s ions  and th e  pos s ibilitie s  of tum or
re s e ctions ,8 invas ive ne s s , lim itation in de te ction of
flat le s ions , and lack  of th e  as s e s s m e nt of e xtrave s ical
tum or invas ion re pre s e nt th e  m ain draw back s .9  Prope r
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s taging and grading of bladde r tum or are  crucial for
m anage m e nt.10 Unde r s taging s ubje cts  patie nts  to
s uboptim al tre atm e nt w h ile  ove r s taging s ubje cts  pa-
tie nts  to unw arrante d tre atm e nt re late d m orbidity.11

Patie nts  w ith  No M us cle  Invas ion (NMI) h ave  m uch
be tte r prognos is  th an patie nts  w ith  Mus cle  Invas ion
(MI).12 Radiological e valuation is  a s ignificant part
of diagnos is  and s taging of bladde r cance r. Gre y
s cale  s onograph y is  initial m odality to confirm  th e
pre s e nce  of th e  le s ion, e valuate  m orph ology of tum or,
pe rive s ical e xte ns ion, late ral pe lvic w all involve m e nt,
lym ph  node  s tatus , to e xclude  m e tas tas is  and to look
for back  pre s s ure  ch ange s  in k idne ys .13

Diffus ion w e igh te d MRI h as  be e n introduce d in clinical
MRI protocols  be caus e  of its  h igh e r contras t re s olution
and ability to de te ct and re fle ct m ole cular diffus ion
re s triction in m alignant tis s ue .14,15 M icros copic
e xtrave s ical s pre ad (T3a dis e as e ) cannot be  re liably
ide ntifie d, but MRI re adily s h ow s  m acros copic e xtra-
ve s ical e xte ns ion (T3b dis e as e ). Magne tic re s onance
im aging is  th e  m odality of ch oice  in im aging bladde r
tum or and its  accuracy range s  from  73%  to 9 6% .7,16

According to Te k e s  e t al., gadolinium -e nh ance d MRI
h as  accuracy of 85%  in diffe re ntiating non invas ive
ve rs us  invas ive  dis e as e  and of 82%  in diffe re ntiating
organ confine d from  non organ confine d dis e as e .17

Material & Method

A cros s  s e ctional s tudy w as  conducte d to e valuate
total 58 patie nts  of both  ge nde rs  w ith  age  be tw e e n
25 to 85 ye ars  w h o h ad cys tos copically prove n
bladde r carcinom a. Patie nts  w h o h ad an initial TURBT
(trans ure th ral re s e ction of bladde r tum or) afte r biops y
and h ad localiz e d dis e as e  w e re  als o include d for
s taging by MRI at tim e  of im aging. Patie nts  w e re
re fe rre d to th e  Radiology de partm e nt for MRI of
pe lvis  from  O ncology de partm e nt, Sind Ins titute  of
Urology and Trans plantation. Inform e d w ritte n cons e nt
w as  tak e n from  all th e  patie nts . H is tory w as  tak e n in
e ach  cas e  re garding th e  duration of s ym ptom s ,
pre s e nting com plaints , s m ok ing, e xpos ure  to ch e m ical
carcinoge ns , and prior m e dical or s urgical tre atm e nts .
MRI w as  pe rform e d w ith  a 1.5-T MR unit (Signa H ori-

z on, Ge ne ral Ele ctric M e dical Sys te m s ) w ith  body
ph as e d array coil. Each  patie nt unde rw e nt im aging
w ith  th re e  MR pe lvis  te ch niq ue s : (1) T1 w e igh te d SE
s e q ue nce  TR (400-800 m s ), TE (15-30 m s ), (2) T2
w e igh te d SE s e q ue nce  TR (1600-2500 m s ), TE (80-
120 m s ), and (3) A s h ort-TI inve rs ion re cove ry (STIR)
s e q ue nce  TR (2000), TE 60-75, T1 150-275. Une n-
h ance d and e nh ance d (0.1 m m ol/k g) fas t s poile d
gradie nt e ch o im age s  w ith  fat s uppre s s ion w e re  als o
obtaine d. Enh ance d im age s  w e re  acq uire d in arte rial
ph as e  (20 s e c) follow e d by ve nous  ph as e . MR im age s
w e re  inte rpre te d inde pe nde ntly by s e nior MR radiolo-
gis ts  w ith out prior k now le dge  of th e  final s taging
obtaine d at trans ure th ral re s e ction, cys te ctom y, or
clinical follow -up. On bas is  of im aging findings  a ra-
diologic s tage  w as  as s igne d.
An intact, h ypointe ns e  line  (m us cle  laye r) at th e  bas e
of th e  tum or w as  clas s ifie d as  s tage  T1; an irre gular
inne r m argin of h ypointe ns e  line , s tage  T2a; a dis rup-
te d h ypo inte ns e  line  w ith out pe rive s ical fat infiltration,
s tage  T2b; a le s ion w ith  an irre gular, s h aggy oute r
borde r and s tre ak y are as  of th e  s am e  s ignal inte ns ity
of th e  tum or in pe rive s ical fat, s tage  T3b; and a le s ion
e xte nding into an adjace nt organ or abdom inal and
pe lvic s ide  w alls  w ith  th e  s am e  s ignal inte ns ity of
th e  prim ary tum or, s tage  T4a or T4b. Lym ph  node s
w e re  cons ide re d abnorm al if th e  long axis  w as  10
m m  or m ore .
Data com pilation and analys is  w as  done  on SPSS
ve rs ion 21. De s criptive  s tatis tics  w e re  calculate d.
Quantitative  variable s  w e re  e xpre s s e d as  m e an
± SD and q ualitative  variable s  w e re  pre s e nte d in
te rm s  of fre q ue ncy and pe rce ntage s . Se ns itivity, s pe -
cificity, pos itive  pre dictive  value , and ne gative  pre -
dictive  value s  w e re  calculate d us ing 2 by 2 table s .
Patie nt w ith  radiologically ne gative  tum or w as  as s ig-
ne d s tage  T0 and w h e n m ultiple  tum or w e re  pre s e nt,
h igh e s t T Stage  w as  re pre s e nte d tum or s tage . In
addition, data w e re  re groupe d to e valuate  accuracy
of MRI in dis tinguis h ing s upe rficial ( T1) from  invas ive
( T2).

Results

Th e re  w e re  49  (84.5% ) m ale s  and 9  (15.5% ) fe m ale
w ith  m ale  to fe m ale  ratio w as  5:1. Me an age  of th e
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s tudy s ubje cts  w as  55 ± 1 ye ar. H e m aturia w as  pre -
s e nt in 45 cas e s . Out of th e  58 patie nts  w ith  urinary
bladde r carcinom a 52 s h ow e d pre s e nce  of bladde r
tum or at tim e  of s taging and 6 w e re  as s igne d s tage
T0. Th e s e  patie nts  h ave  initially re ce ive d ch e m o-
th e rapy afte r cys tos copy and trans ure th ral re s e ction
and h ave  be e n re fe rre d for MRI for s taging of local
dis e as e .Tum or w as  corre ctly de te cte d in 52 am ong
th e m  35 w e re  true  pos itive  and 17 w e re  true  ne gative
(Tab. 1). Out of corre ctly diagnos e d patie nts , on final
h is topath ological s taging 20 patie nts  h ave  Ta-T1
dis e as e  (s upe rficial dis e as e ), 8 patie nts  h ave  s tage
T2b, 18 patie nts  h ave  s tage  T3a-b, 4 patie nts  h ave
s tage  T4a and 2 patie nts  h ave  s tage  T4b (Graph  1).
W h e n com pare d w ith  th e  re s ults  s ubm itte d from  th e
h is topath ology unit 49  of th e s e  patie nts  h ad trans i-
tional ce ll carcinom a, one  patie nt h ad s q uam ous  ce ll
carcinom a and ade nocarcinom a w as  de te cte d in one
patie nt. On MRI of corre ctly de te cte d 52 patie nts
w ith  bladde r tum or, 37 h ad m as s  le s ion and 14 pati-
e nts  h ad diffus e  w all th ick e ning.

MRI in 3 patie nts  (6% ) (Graph -2). Th e  s tage s  found
in both  proce dure s  are  pre s e nte d in (Tab. 2). Us ing
m ore  de taile d TNM clas s ification, th e  s e ns itivity,
s pe cificity, and pe rce nt accuracy of MRI for de te ction
of invas ive  tum ors  w as  88% , 81% , 77%  re s pe ctive ly
(Tab. 3).

Tum or s iz e  range  de te cte d on MRI w as  (0.4-7.5 cm
m e an 2.5 cm ). Te n patie nts  h ad m ore  th an one  tum or
de te cte d by MRI. On re vie w ing s tage s  obtaine d by
MRI it w as  found th at of 52 patie nts  32 (62% ) w e re
corre ctly s tage d by MRI, ove r s taging w as  done  in
17 patie nts  (32% ), and unde r s taging w as  done  by

Table 1: Diagnos tic value s  of MRI for m us cle  non-invas ive  v/s
m us cle  invas ive  bladde r carcinom a

True Positive True Negative False Positive False Negative

35 17 4 3

Graph 1: Fre q ue ncy of h is topath ological findings  of s tage s

Graph 2: Pe rce ntage  of MRI findings  of s tage s

HISTOPATHOLOGICAL STAGES

T0 Ta-T1
T2a /
T2b

T3a /
T3b

T4a T4b Total

MRI
STAGES

T 0

Ta – T1

T2a / T2b

T3a / T3b

T4a

T4b

TOTAL

6

6

17

2

1

20

2

5

7

2

1

14

17

2

3

5

1

2

3

6

21

8

17

4

2

58

Note : Corre ctly s tage  tum ors  by MRI are  m e ntione d in bold

Table 2: Fre q ue ncy of s taging fre q ue ncy of 58 patie nts  diagnos e d
by MRI and H is topath ology.

Table 3: Se ns itivity of MRI form us cle  non-invas ive  v/s  m us cle
invas ive  bladde r carcinom a.

Sensitivity Specificity
Diagnostic
Accuracy

Positive
Predictive

Value

Negative
Predictive

Value

89 % 81% 79 % 86% 85%
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Discussion

MR im aging and clinical s taging both  are  cons ide re d
e s s e ntial for th e  e valuation of urinary bladde r carci-
nom a. Th e  tre atm e nt and prognos is  of urinary bladde r
carcinom a is  large ly e s tablis h e d by th e  de pth  of th e
tum or grow th  and its  e xte nt at th e  tim e  of diagnos is .18

One  of th e  m os t im portant s ignificance  for pe rform ing
pre ope rative  im aging is  dis tinction of s upe rficial tu-
m ors  from  m us cle  invas ive  tum ors  as  w e ll as  ide ntifi-
cation of organ confine d dis e as e  from  tum or th at
h as  s pre ad outs ide  th e  bladde r. Th is  dis tinction is
im por-tant be caus e  patie nts  w ith  non organ confine d
dis e as e  h ave  h igh e r re curre nce  rate s  and w ors e
s urvival rate s  th an patie nts  w ith  organ confine d
s upe rficial dis e as e .19  Conve ntional clinical s taging-
including bim anual e xam ination unde r ane s th e s ia,
urograph y, cys tos copy, and trans ure th ral re s e ction
are  not cons i-de re d e nough  for th is  dis tinction. Mos t
s tudie s  h ave  s h ow e d th at th e  e rror of clinical s taging
incre as e s  as  th e  tum or be com e s  m ore  invas ive .20

Lim itation of th e  clinical s taging for th e  diagnos is  of
bladde r tum or is  th e  de te rm ination of e xte nt of tum or
grow th  in th e  m us cle  laye r of th e  bladde r w all (s tage s
T2 and >T2), h ow e ve r th e  role  of MR in bladde r
tum or is  continue  to e volve .21 MRI h as  its  ow n lim ita-
tions . Th e re  are  num be r of factors  w h ich  can be
patie nt re late d or MRI re late d. Th e  m os t im portant
are  m otion artifacts  and th e  de gre e  of bladde r dis te n-
s ion. Voluntary m otion artifacts  can be  re duce d by
m ak ing th e  patie nt fe e l e as e  in cas e  of claus troph obic
patie nts , s e dative s  m ay be  e ffe ctive . Involuntary m o-
tion artifacts  are  caus e d by re s piration, inte s tinal
pe ris tals is  and bladde r m otion.
Anoth e r lim itation of clinical s taging is  th e  inade q uate
s taging re s ulting from  th e  s upe rficial re s e ction of th e
tum or during th e  biops y w h ich  lim its  th e  diagnos tic
crite ria and diffe re ntiation re m ains  im pos s ible . Clinical
s taging w h ich  include s  de e p fractionate d re s e ction
appe are d to h ave  a low  accuracy in infiltrating tum ors
(s tage s  T2 and h igh e r) e s pe cially w h e n us ing clinical
s taging as  a gold s tandard.
Th e  accuracy of th e  clinical s taging w h ich  include s
de e p fractionate d trans ure th ral re s e ction is  s ufficie nt
for s upe rficial tum ors . H ow e ve r, th e  accuracy of
clinical s taging for s tage  T2-T4b tum ors  is  poor. For
s taging de e ply infiltrating tum ors  (s tage s  > T3a),
MRI is  s upe rior. For diffe re ntiation be tw e e n m us cular

invas ion (s tage  T3a) and invas ion into th e  pe rive s ical
fat (s tage  T3b), MR im aging is  be tte r. In de e ply infil-
trative  tum ors  (s tage s  3b, T4a, and T4b), MR im aging
is  ge ne rally agre e d to be  th e  m os t accurate  s taging
te ch niq ue . In low e r s tage  tum ors  s tage s  Ta, T1, and
T2, MR im aging h as  lim itations . Com m on e rror th at
w as  e s tablis h e d in our s tudy w as  ove r s taging of
tum ors  by MRI. Our s taging accuracy for de te ction
of invas ive  bladde r carcinom a w as  79 %  th at w as
found to be  s ligh tly low e r th an pre vious  s tudie s ,
Te k e s  re porte d accuracy of 82% .21 Th is  could be
attribute d to fact th at alm os t all of our patie nts  h ave
unde rgone  s upe rficial biops y be fore  MRI.
Th e  pos s ibility of us ing M R im aging to diffe re ntiate
be tw e e n s upe rficial (s tage  T2) and de e p invas ion of
th e  m us cle  laye r of th e  bladde r w all (s tage  T3a) h as
re ce ive d a lot of atte ntion. Th is  dis tinction cannot be
m ade  w ith  clinical s taging. In our s tudy group only
2 patie nts  h ad non trans itional ce ll carcinom a inclu-
ding 1 s q uam ous  ce ll carcinom a and 1 ade nocarci-
nom a. Th ough  th e s e  tum ors  are  le s s  com m on and
ge ne rally m ore  aggre s s ive  and e xte nding be yond
bladde r w all at tim e  of diagnos is  but no s ignificant
diffe re nce  w as  de te rm ine d in accuracy of s taging
th e s e  tum ors  by MRI.

Conclusion

MR im aging is  th e  m os t accurate  te ch niq ue  for
diffe re ntiating th e  various  s tage s  or de e ply invas ive
tum ors  (s tage s  T2 and h igh e r) w h e re as , clinical
s taging is  th e  be s t te ch niq ue  for various  s tage s  of
s upe rficial tum ors  (s tage s  T2 and low e r), th e  accuracy
of clinical s taging for s tage  T2-T4b is  poor. MR h as
vas t advantage s  and gre at accuracy is  pos s ible  in
de te ction of de e ply invade d tum or.
MR im aging and clinical e valuation both  are  com ple -
m e ntary for s taging th e  urinary bladde r carcinom a.
Th e  e arly de te ction of invas ive  bladde r carcinom a
by MRI can im prove  ove rall prognos is , diagnos is  and
tre atm e nt of patie nts . Th us  due  to incre as e d diag-
nos tic accuracy, s taging s h ould be  s tarte d w ith  non-
invas ive  MR im aging and follow e d by th e  re s e ction
and clinical s taging.
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