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Introduction

Ute rine  le iom yom as  (or fibroids ) are  th e  m os t com m on
be nign pe lvic tum ors  in W om e n.1 Th e ir incide nce
incre as e s  w ith  age  and are  found in 25-50%  of w om e n
olde r th an 40 ye ars .2,3

MRI is  th e  m odality of ch oice  for e valuating gyne colo-
gical dis e as e  as  it provide s  e xce lle nt contras t re s o-
lution re s ulting in accurate  tis s ue  ch aracte riz ation
and im prove d anatom ic de line ation.4 Le iom yom as
are  typically T1-w e igh te d is ointe ns e  and T2-w e igh te d
h ypointe ns e  be nign tum ors . Th e y s h ow  h om oge ne ous
e nh ance m e nt s im ilar to m yom e trium  on contras t
adm inis tration and do not s h ow  diffus ion re s triction
on diffus ion w e igh te d im aging.

Th e s e  can be  of various  type s  de pe nding upon th e ir
s ite  of origin from  m yom e trium  lik e  intram ural, s ub
m ucos al and s ubs e ros al. Th e  s ubs e ros al type
e s pe cially if pude nculate d m ay be  difficult to diffe re n-
tiate  from  oth e r s olid appe aring adne xal m as s e s .
Various  oth e r s olid appe aring pe lvic m as s e s  or th os e
w ith  s m ooth  m us cle  or fibrous  tis s ue  com pone nts
can h ave  an MRI appe arance  s im ilar to le iom yom a,
lik e  ovarian fibrom a, de s m oids  aris ing from  adjace nt
pe lvic bow e l loops .4,5 Ofte n it is  pos s ible  to ch arac-
te riz e  th e  pe lvic m as s e s  on th e  bas is  of th e ir s ite  of
origin; h ow e ve r, difficulty aris e s  w ith  large  s olid m as s e s
th at cros s  or dis tort anatom ical orie ntation. Th e  pre -
s e nce  or abs e nce  of norm al vis ible  ovarie s  is  one  of
th e  us e ful clue s  in as s e s s ing th e  origin of a pe lvic
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OBJECTIVE: To as s e s s  th e  us e fulne s s  of de m ons trating flow  void s ign on conve ntional MRI s e q ue nce s  in
diffe re ntiating ute rine  le iom yom as  from  oth e r s olid pe lvic m as s e s  w h ich  h ave  s am e  s ignal inte ns ity to m yom e trium .
METHODS: Th is  de s criptive  s tudy w as  conducte d in th e  De partm e nt of Radiology, Aga K h an Unive rs ity H os pital,
Karach i from  April 2014 to May 2015. It com pris e d fe m ale  patie nts  of all age s  w h o h ad m agne tic re s onance
im aging (MRI) pe lvis  w ith  diagnos is  of a s olid appe aring pe lvic m as s  follow e d by s urge ry and h is topath ology at
our ins titution. Flow  void s ign w as  de s cribe d as  de m ons tration of fe e ding ve s s e ls  appe aring as  flow  void be tw e e n
th e  ute rine  le iom yom as  and ute rus . H is topath ology w as  tak e n as  gold s tandard. RESULTS: Flow  void s ign w as
obs e rve d in 66 out of 73 pe lvic m as s e s  on MRI. Out of 66 patie nts  65 w e re  diagnos e d h is tologically as  le iom yom as .
W h e n th e   flow  void s ign w as  s e e n on MRI and s ubs e q ue nt h is topath ology confirm e d th e  diagnos is  of le iom yom a.
In all s uch  cas e s  th e  s e ns itivity, s pe cificity, pos itive  and ne gative  pre dictive  value s , and diagnos tic accuracy of
th e  flow  void s ign for diagnos ing le iom yom as  w e re  calculate d as  9 7%  (65/67), 83%  (65/66), 9 8%  (65/66), 71%
(65/67) and 9 5%  (70/73), re s pe ctive ly. CONCLUSION: Flow  void s ign is  an im portant ancillary s ign for th e
radiological diagnos is  of le iom yom a on MRI and us e ful in diffe re ntiating le iom yom a from  focal ade nom yos is  or
ovarian tum ors  (fibrom as ) w h ich  s h ow  s ignal inte ns ity s im ilar to ute rine  le iom yom as .
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w h o h ad unde r gone  MRI pe lvis  at our de partm e nt,
w ith  clinical q ue ry of a s olid pe lvic m as s , on clinical
e xam ination or on ultras ound e xam ination w h e re  th e
organ of origin w as  not ch aracte riz able  on ultras ound.
Follow ing MRI th e y h ad s urge ry and h is topath ology
at our ins titution. In cas e  of m ultiple  pe lvic m as s e s
in a s ingle  patie nt e ach  m as s  w as  s tudie d as  a s e pa-
rate  cas e . Mas s  le s ions  le s s  th an 3 cm  in s iz e  w e re
e xclude d from  th e  s tudy.
Exclus ion crite ria w e re  all patie nts  w h os e  MRI s h ow e d
dis tinct ovarian m as s e s  and cys tic m as s e s  outs ide
th e  m yom e trium . Patie nts  w h o did not unde rgo s urge ry
and h is topath ology at our ins titution w e re  als o e xclu-
de d.
For MR im aging, SIEMENS Magne tom  1.5 T m agne t
w as  us e d w ith  s e ction th ick ne s s  of 5-8 m m  and inte r-
s lice  gap of 1-2 m m . T2-w e igh te d im age s  in axial,
s agittal and coronal plane s  and T1-w e igh te d fat
s uppre s s e d axial im age s  w e re  acq uire d. Follow ing
IV contras t inje ction of gadope nte tate dim e glum ine
(Magne vis tTM ) at a dos e  of 0.1 m m ol/k g of body
w e igh t T1-w e igh te d im age s  w e re  obtaine d in axial,
s agittal and coronal plane s  w ith  fat s uppre s s ion.
Im aging findings  w e re  analyz e d by tw o radiologis ts
w ith  m ore  th an five  ye ars  of e xpe rie nce  in w om e n
im aging in cons e ns us  w ith out k now le dge  of th e  path o-
logic diagnos is  focus ing s pe cifically on th e  inte rface
ve s s e ls  be tw e e n th e  m as s e s  and ute rus .
Flow  void s ign w as  cons ide re d to be  pre s e nt w h e n
flow  voids  could be  ide ntifie d be tw e e n th e  m as s  and
th e  ute rus  on MRI. Le iom yom a w as  de fine d as  a w e ll
e ncaps ulate d ute rine  m as s  th at appe are d h ypointe ns e
on T2-w e igh te d im age s  and is ointe ns e  on T1-w e igh te d
im age s , s h ow ing pos t contras t e nh ance m e nt s im ilar
to m yom e trium . O th e r s olid pe lvic le s ions  include d
th os e  s olid appe aring pe lvic m as s e s  th at h ad s ignal
ch aracte ris tics  s im ilar to le iom yom as  th at is  als o
appe ar h ypointe ns e  on T2-w e igh te d im age s  and
is ointe ns e  on T1-w e igh te d im age s .8

Data initially colle cte d on proform a, w as  late r analyz e d
us ing SPSS ve rs ion 19 . Fre q ue ncie s  and pe rce ntage s
of q uantitative  variable s  w e re  calculate d. H is topath o-
logy w as  th e  gold s tandard to as s e s s  th e  diagnos tic
accuracy of th e  flow  void s ign in dis tinguis h ing
le iom yom as  from  oth e r s olid pe lvic m as s e s  on MRI.

m as s , but norm al ovarie s  m ay not be  de m ons trable
in pos t-m e nopaus al w om e n or m ore  com m only are
not vis ualiz e d w ith  large  pe lvic m as s e s  due  to th e ir
m as s  e ffe ct. Anoth e r us e ful clue  can be  to de m ons trate
fe e ding ve s s e ls  of th e  pe lvic m as s  w h ich  appe ars  as
s ignal void on MRI.6

Le iom yom as  are  s upplie d by th e  ve s s e ls  from  th e
ute rine  arte rie s  cours ing th rough  th e  adjace nt m yo-
m e trium  and appe ar as  ve s s e ls  inte rve ning be tw e e n
a m yom a and adjace nt ute rus .6 Th e s e  ve s s e ls  proje ct
as  pe riph e ral flow  voids  of ute rine  le iom yom as  on
MRI.7  On th e  oth e r h and  ovarian m as s e s  are  dire ctly
s upplie d by ovarian arte rie s  or by th e  ovarian branch e s
of ute rine  arte rie s  trave rs ing along fallopian tube ,
and th e  pe lvic m as s e s  originating from  oth e r pe lvic
organs  h ave  fe e ding ve s s e ls  from  th e  re s pe ctive
organ. Ke e ping in vie w  th e  above  de s cription th e
pe riph e ral flow  voids  w ill th e re fore  not be  s e e n w ith
oth e r pe lvic m as s e s  th at m ay h ave  a m orph ological
appe arance  and s ignal ch aracte ris tics  on MRI e xa-
m ination, s im ilar to le iom yom as .

Purpose

Th e  purpos e  of th is  s tudy to as s e s s  th e  us e fulne s s
of de m ons trating flow  void s ign on conve ntional MRI
s e q ue nce s  in diffe re ntiating ute rine  le iom yom as  from
oth e r s olid pe lvic m as s e s  w h ich  h ave  s am e  s ignal
inte ns ity to m yom e trium .

Methodology

Th e  s tudy w as  conducte d at th e  De partm e nt of Radio-
logy, Aga K h an Unive rs ity H os pital Karach i, Pak is tan
afte r acq uiring e xe m ption of th e  inform e d cons e nt
from  th e  H os pital’s  Eth ical Re vie w  Com m itte e  (ERC
e xe m ption no 3714-Rad-ERC-15) . Th e  s am ple  s iz e
h as  be e n calculate d on W H O s oftw are  ve rs ion of
s am ple  s iz e  de te rm ination in h e alth  s tudie s . Th e
s e ns itivity of flow  void s ign in diffe re ntiating s ubs e ros al
le iom yom as  from  e xtrau-te rine  tum ors  on MRI is
re porte d to be  9 5% .5 W e  re tros pe ctive ly e valuate d
th e s e  patie nts  us ing a com pute riz e d databas e  ove r
a s pan of one  ye ar from  April 2014 to May 2015.
Inclus ion crite ria w e re  fe m ale  patie nts  of all age s
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Th e  ce ntral location and ins e parability from  th e  ute rus
ge ne rally allow s  to m ak e  a confide nt diagnos is  of
ute rine  liom yom a. H ow e ve r, large  le iom yom as  e s pe -
cially s ubs e ros al/pude nculate d or th os e  lying w ith in
th e  le ave s  of th e  broad ligam e nt m ay s im ulate  an
adne xal m as s s .10

On MRI th e  s ignal ch aracte ris tics  of ute rine  m yom as
and adne xal m as s e s  m ay be  s ufficie ntly dis tinctive
to allow  a diffe re ntial diagnos is . H ow e ve r, a de ge ne -
rate d ute rine  m yom a m ay h ave  a varie d appe arance
on T2-w e igh te d and contras t e nh ance d im age s  accor-
ding to th e  h yaline  or m yxoid de ge ne ration, de gre e
of inte rs titial e de m a, cys tic de ge ne ration, ne cros is ,
fibros is , calcification, h ae m orrh age , carne ous  de ge ne -
ration, and fat.11  O n th e  oth e r h and various  oth e r
s olid appe aring pe lvic m as s e s  or th os e  w ith  s m ooth
m us cle  or fibrous  tis s ue  com pone nts  can h ave  an
MRI appe arance  s im ilar to le iom yom a.4,5  Adne xal
m as s e s  s uch  as  fibrom a, th e com a, Bre nne r tum ors ,
dys ge rm inom a and Kruk e nbe rg’s  tum or m ay als o
s h ow  h ypointe ns ity on T2-w e igh te d im age s .10  Th e re -
fore  ancillary s igns  are  ne e de d to s tre ngth e n th e
radiological diagnos is  in s uch  doubtful cas e s .
One  of th e  us e ful clue s  in as s e s s ing th e  origin of a
pe lvic m as s  is  th e  pre s e nce  or abs e nce  of norm al
ovarie s . H ow e ve r, norm al ovarie s  m ay not be  vis ible
on im aging in pos t-m e nopaus al s tatus  or ge t dis place d
and obs cure d by a large  e xoph ytic fibroid. Furth e r-
m ore , a m as s  m ay aris e  from  th e  pe riph e ry of th e
ovary and th e re fore  th e  ide ntification of an appare ntly
norm al ovary doe s  not e xclude s  its  ovarian origin.6
Anoth e r us e ful s ign is  th e  vas cular s upply of th e
pe lvic m as s  and its  fe e ding ve s s e ls . Th e s e  fe e ding
ve s s e ls  w ill appe ar as  s ignal void s tructure s  on MRI.
W e  us e d th e  te rm  “flow  void s ign” in th is  s tudy w h e n
th e s e  fe e ding ve s s e ls  w e re  s e e n be tw e e n th e  ute rus
and th e  pe lvic m as s  ( Fig. 1).
Le iom yom as  are  s urrounde d by com pre s s e d norm al
m yom e trium  and a s caffolding of vas cular tis s ue ,12,13

giving us  “flow  void s ign” on MRI (Fig. 2). Path olo-
gically, both  dilate d fe e ding arte rie s  and draining
ve ins  are  s e e n w ith in th e  s urrounding m yom e trium
w h e n flow  void s ign is  pre s e nt.7 A pre vious  re port on
pe lvic angiograph y s h ow e d th at dilate d fe e ding arte rie s
are  one  of th e  ch aracte ris tic fe ature s  in ute rine  le io-
m yom as , w h e re as  oth e r pe lvic m as s e s  including
ovarian and ute rine  cance rs  are  us ually h ypovas -
cular.13 Th e re fore  it is  as s um e d th at th e  s ign is  pro-

Results

A total of 73 s olid appe aring pe lvic m as s e s  w e re
e valuate d for th e  pre s e nce  or abs e nce  of flow  void
s ign on MRI. Th e s e  range d in s iz e  from  3.1 - 17.5
cm  w ith  an ave rage  s iz e  of 7 ± 3.34 cm . Fe m ale
patie nts  include d in th e  s tudy h ad an ave rage  age  of
38.5 ± 8.4 ye ars .
Flow  void s ign w as  obs e rve d in 66 out of 73 pe lvic
m as s e s  on MRI, out of w h ich  65 w e re  diagnos e d
h is tologically as  le iom yom as . One  fals e  pos itive  cas e
w as  an ovarian fibrom a on h is topath ology. Th e  re m ai-
ning 7 pe lvic m as s e s  did not s h ow  flow  void s ign on
MRI. Of th e s e  4 one  w as  an ade nom yom a, 1 fibrom a/
th e com a and 2 fibroids  on h is topath ology.
For th e  purpos e  of th e  s tudy, true  pos itive  cas e  (TP)
i.e  le iom yom as  w as  pos itive  both  on MRI and h is to-
path ology; fals e  pos itive  (FP) w as  pos itive  on MRI
and ne gative  on h is topath ology; fals e  ne gative  (FN)
w as  ne gative  on MRI and pos itive  on h is topath ology;
and true  ne gative  (TN) w as  ne gative  on both  MRI
and h is topath ology (Tab. 1).
W h e n th e  flow  void s ign w as  s e e n and s ubs e q ue nt
h is topath ology confirm e d th e  diagnos is  of le iom yom a
on MRI th e  s e ns itivity, s pe cificity, pos itive  and ne gative
pre dictive  value s , and diagnos tic accuracy w e re
calculate d as  9 7%  (65/67), 83%  (65/66), 9 8%  (65/66),
71%  (65/67) and 9 5%  (70/73), re s pe ctive ly.

Groups

Table 1: Dis tribution of patie nts  for calculation of diagnos tic
accuracy

MRI +ive for flow void sign

MRI - ive for flow void sign

Histopathology
+ ve

TP (65)

FN (2)

FP (1)

TN (5)

Histopathology
- ve

Discussion

Accurate  de te ction and diffe re ntiation of pe lvic m as s e s
is  im portant for planning a tre atm e nt s trate gy.9   Mas -
s e s  can be  diffe re ntiate d on th e  bas is  of th e ir s ite  of
origin and s ignal ch aracte ris tics  on MRI. Th is  is  e as y
w ith  s m all m as s e s , but be com e s  difficult w ith  incre a-
s ing s iz e  of a pe lvic m as s . Le iom yom as  are  th e  com -
m one s t be nign ute rine  tum ors . Th e s e  h ave  a typical
MRI appe arance  of dis tinct low  s ignal inte ns ity on
T2- w e igh te d im age s , due  to e xce s s ive  h yaliniz ation
th at allow s  for th e ir diagnos is .10



Figure 2: Multiple  ute rine  fibroids . T2-w e igh te d (a) and pos t
contras t axial im age s  (b) s h ow  flow  void s ign in th e  pe riph e ry of
th e  large  fibroids , cons picuous  on pos t contras t im age s  (arrow ).

Figure 1: Intram ural le iom yom a w ith  flow  void s ign. T2-w e igh te d
(a) and pos t contras t axial im age s  (b) s h ow  a w e ll de fine d m as s
w ith in th e  m yom e trium  w ith  prom ine nt inte rface  ve s s e ls  be tw e e n

th e  m as s  and th e  ute rus  giving th e  flow  void s ign (arrow s ).
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m yom as  and th os e  w ith  irre gular s ignal inte ns ity on
T2-w e igh te d im age s  h ad a h igh e r pre vale nce  of th is
s ign th an oth e rs .7

K im  e t al. re porte d “inte rface  ve s s e ls ” on color and
pow e r Dopple r ultras ound and MRI w h e n fe e ding
ve s s e ls  w e re  s e e n be tw e e n th e  ute rus  and a pe lvic
m as s . In K im  e t al. s tudy th e y h ad a s am ple  s iz e  of
41 patie nts  w ith  s ubs e ros al m yom as  and 27 patie nts
w ith  s olid e xtra ute rine  tum ours . Th e y conclude d th at
th e  inte rface  ve s s e ls  w e re  a us e ful clue  for diffe re n-
tiating s ubs e ros al ute rine  m yom as  from  e xtraute rine
tum ors . In all th e ir cas e s  contras t e nh ance d T1-
w e igh te d im aging w as  th e  be s t for th e  cons picuity of
th e  inte rface  ve s s e ls . Th e  s e ns itivity, s pe cificity,
pos itive  pre dictive  value , ne gative  pre dictive  value

duce d by dilate d ve s s e ls  w ith  fas t flow , probably
arte rie s  from  th e  m yom e trium  s upplying th e  le io-
m yom a. Th e  contribution of draining ve ins  w h ich
us ually h ave  s low  flow  is  s m all.7 Th is  is  m os t lik e ly
th e  re as on th at e nh ance m e nt of th e  flow  voids  is  not
s e e n on pos t contras t im aging. Th is  obs e rvation w as
m ade  in th is  s tudy and als o re porte d in a pre vious
s tudy.7

Toras h im a e t al. re porte d th at pe riph e ral flow  voids
s e e n w ith  le iom yom a on MRI indicate  th at th e  ute rus
is  th e  organ of origin of th e s e  m as s e s  as  th e y are
not s e e n w ith  any oth e r k inds  of pe lvic tum ors . Th e y
conclude d th at flow  voids  w e re  s e e n e xclus ive ly in
le iom yom as  of 3 cm  diam e te r or large r and th at large

a

b

a

b



Figure 3: Ade nom yos is .. T2-w e igh te d (a) and pos t contras t s agital
im age s  (b) s h ow  an ill de fine d abnorm al s ignal inte ns ity are  w ith in
th e  ante rior m yom e trium  (arrow ). It is  T2-w e igh te d h ypointe ns e

s im ilar to fibroid but doe s  not de m ons trate  flow  void s ign.
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Th e re  are  a fe w  lim itation of our s tudy as  th e  s am ple
s iz e  w as  s m all and th e  s tudy w as  done  at a s ingle
ce nte r. Th e re  h ave  be e n only tw o s tudie s  inte rna-
tionally on lite rature  s e arch  and no local s tudie s  h ave
be e n conducte d s o th e  re s ults  cannot be  com pare d
w ith  m ore  s tudie s  done .

and accuracy of inte rface  ve s s e ls  for a pos itive  final
diagnos is  w as  calculate d as  9 5% , 89 %  , 9 3% , 9 2%
and 9 2%  re s pe ctive ly.6 Re s ults  of th e  pre s e nt s tudy
are  com parable  to th os e  of K im  e t al. O ur s tudy
s h ow e d th at flow  void s ign is  both  s e ns itive  as  w e ll
as  s pe cific for th e  diagnos is  of le iom yom a on MRI
w ith  a s e ns itivity , s pe cificity, pos itive  pre dictive  value ,
ne gative  pre dictive  value  and diagnos tic accuracy of
9 7% , 83%  , 9 8%  , 71%  and 9 5%  , re s pe ctive ly.
In an article  by M ittl e t al. re porte d a h igh  s ignal
inte ns ity rim  on T2 w e igh te d im age s  s urrounding a
ute rine  m yom a and h as  re porte d th at th e  h is tological
corre late  of th is  findings  w as  dilate d lym ph atic ve s s e ls ,
dilate d ve ins , and/or e de m a. In th is  s tudy th e y
m e ntione d th at h igh  s ignal inte ns ity rim  w as  pre s e nt
in intram ural and s ubs e ros al m yom as , but not in
s ubm ucos al m yom as . Th e y conclude d th at th is  s ign
m ay be  h e lpful in diffe re ntiating e xoph ytic s ubs e ros al
m yom as  from  adne xal m as s e s .15 In all our cas e s  of
s ubs e ros al m yom as  afte r e ve n afte r care  full e valuation
w e  did not obs e rve  th e  h igh  s ignal inte ns ity rim  on
T2 w e igh te d im age s  in any cas e .
In a s tudy by Th om as s in-Naggara e l al. utiliz ing
dynam ic contras t e nh ance d MRI for diffe re ntiating
ovarian fibrom as  and s ubs e ros al ute rine  le iom yom as ,
e nh ance m e nt w as  found to be  m ore  inte ns e  and
pre cocious  in ute rine  le iom yom as  th an ovarian
fibrom as  and typical th in re gular arte rial ve s s e ls  w e re
vis ualiz e d in 73%  of s ubs e rous  ute rine  m yom as .16

Th is  corre s ponds  to th e  flow  void s ign s e e n in th is
s tudy.
Flow  void s ign is  us e ful for diffe re ntiating le iom yom as
and focal ade nom yos is  (ade nom yom a) (Fig. 3) or
s olid ovarian m as s e s  (fibrom a, th e com a) th e s e
m as s e s  ofte n s h ow  s ignal inte ns ity s im ilar to ute rine
le iom yom as , but th e  flow  void s ign w as  not s e e n in
any of ovarian tum ors  th e re fore  it m ay not be  s e ns itive
but is  q uite  s pe cific for diffe re ntiating ute rine  le iom yo-
m as  from  oth e r pe lvic m as s e s . In th is  s tudy th e re
w as  one  fibrom a w h ich  s h ow e d flow  void s ign s im ilar
to le iom yom as  th is  w as  be caus e  it w as  large  m ore
th at 5 cm  and w as  lying on th e  fundus  of ute rus  rath e r
th an in ade ne xa. Th e re  w e re  tw o fibroids  w h ich  did
not s h ow  th e  flow  void s ign th is  can be  attribute d to
th e ir s iz e  as  both  w e re  3 cm  in one  dim e ns ion but
th e  oth e r dim e ns ion w as  le s s  th an 3 cm  as  w e ll as
due  to th e  fact th at th e y w e re  both  intram ural in
location.

a

b

Conclusion

Th e  flow  void s ign is  an im portant ancillary s ign for
th e  radiological diagnos is  of le iom yom a on MRI and
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u s e ful in diffe re ntiating le iom yom a from  focal
ade nom yos is  or ovarian tum ors  w h ich  s h ow  s ignal
inte ns ity s im ilar to ute rine  le iom yom as .

a

b
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