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ABSTRACT

OBJECTIVE: To assess the usefulness of demonstrating flow void sign on conventional MRI sequences in
differentiating uterine leiomyomas from other solid pelvic masses which have same signal intensity to myometrium.
METHODS: This descriptive study was conducted in the Department of Radiology, Aga Khan University Hospital,
Karachi from April 2014 to May 2015. It comprised female patients of all ages who had magnetic resonance
imaging (MRI) pelvis with diagnosis of a solid appearing pelvic mass followed by surgery and histopathology at
our institution. Flow void sign was described as demonstration of feeding vessels appearing as flow void between
the uterine leiomyomas and uterus. Histopathology was taken as gold standard. RESULTS: Flow void sign was
observed in 66 out of 73 pelvic masses on MRI. Out of 66 patients 65 were diagnosed histologically as leiomyomas.
When the flow void sign was seen on MRI and subsequent histopathology confirmed the diagnosis of leiomyoma.
In all such cases the sensitivity, specificity, positive and negative predictive values, and diagnostic accuracy of
the flow void sign for diagnosing leiomyomas were calculated as 97% (65/67), 83% (65/66), 98% (65/66), 71%
(65/67) and 95% (70/73), respectively. CONCLUSION: Flow void sign is an important ancillary sign for the
radiological diagnosis of leiomyoma on MRI and useful in differentiating leiomyoma from focal adenomyosis or
ovarian tumors (fibromas) which show signal intensity similar to uterine leiomyomas.
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These can be of various types depending upon their
site of origin from myometrium like intramural, sub
mucosal and subserosal. The subserosal type

Introduction ___

Uterine leiomyomas (or fibroids) are the most common

benign pelvic tumors in Women.1 Their incidence
increases with age and are found in 25-50% of women
older than 40 years.23

MR is the modality of choice for evaluating gynecolo-
gical disease as it provides excellent contrast reso-
lution resulting in accurate tissue characterization
and improved anatomic delineation.4 Leiomyomas
are typically T1-weighted isointense and T2-weighted
hypointense benign tumors. They show homogeneous
enhancement similar to myometrium on contrast
administration and do not show diffusion restriction
on diffusion weighted imaging.
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especially if pudenculated may be difficult to differen-
tiate from other solid appearing adnexal masses.
Various other solid appearing pelvic masses or those
with smooth muscle or fibrous tissue components
can have an MRI appearance similar to leiomyoma,
like ovarian fibroma, desmoids arising from adjacent
pelvic bowel loops.45 Often it is possible to charac-
terize the pelvic masses on the basis of their site of
origin; however, difficulty arises with large solid masses
that cross or distort anatomical orientation. The pre-
sence or absence of normal visible ovaries is one of
the useful clues in assessing the origin of a pelvic
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mass, but normal ovaries may not be demonstrable
in post-menopausal women or more commonly are
not visualized with large pelvic masses due to their
mass effect. Another useful clue can be to demonstrate
feeding vessels of the pelvic mass which appears as
signal void on MRI.6

Leiomyomas are supplied by the vessels from the
uterine arteries coursing through the adjacent myo-
metrium and appear as vessels intervening between
a myoma and adjacent uterus.6 These vessels project
as peripheral flow voids of uterine leiomyomas on
MRL.7 On the other hand ovarian masses are directly
supplied by ovarian arteries or by the ovarian branches
of uterine arteries traversing along fallopian tube,
and the pelvic masses originating from other pelvic
organs have feeding vessels from the respective
organ. Keeping in view the above description the
peripheral flow voids will therefore not be seen with
other pelvic masses that may have a morphological
appearance and signal characteristics on MRI exa-
mination, similar to leiomyomas.

Purpose ____

The purpose of this study to assess the usefulness
of demonstrating flow void sign on conventional MRI
sequences in differentiating uterine leiomyomas from
other solid pelvic masses which have same signal
intensity to myometrium.

Methodology ____

The study was conducted at the Department of Radio-
logy, Aga Khan University Hospital Karachi, Pakistan
after acquiring exemption of the informed consent
from the Hospital's Ethical Review Committee (ERC
exemption no 3714-Rad-ERC-15) . The sample size
has been calculated on WHO software version of
sample size determination in health studies. The
sensitivity of flow void sign in differentiating subserosal
leiomyomas from extrau-terine tumors on MRI is
reported to be 95%.5 We retrospectively evaluated
these patients using a computerized database over
a span of one year from April 2014 to May 2015.

Inclusion criteria were female patients of all ages
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who had under gone MRI pelvis at our department,
with clinical query of a solid pelvic mass, on clinical
examination or on ultrasound examination where the
organ of origin was not characterizable on ultrasound.
Following MRI they had surgery and histopathology
at our institution. In case of multiple pelvic masses
in a single patient each mass was studied as a sepa-
rate case. Mass lesions less than 3 cm in size were
excluded from the study.

Exclusion criteria were all patients whose MRI showed
distinct ovarian masses and cystic masses outside
the myometrium. Patients who did not undergo surgery
and histopathology at our institution were also exclu-
ded.

For MR imaging, SIEMENS Magnetom 1.5 T magnet
was used with section thickness of 5-8 mm and inter-
slice gap of 1-2 mm. T2-weighted images in axial,
sagittal and coronal planes and T1l-weighted fat
suppressed axial images were acquired. Following
IV contrast injection of gadopentetatedimeglumine
(Magnevist™) at a dose of 0.1 mmol/kg of body
weight T1-weighted images were obtained in axial,
sagittal and coronal planes with fat suppression.
Imaging findings were analyzed by two radiologists
with more than five years of experience in women
imaging in consensus without knowledge of the patho-
logic diagnosis focusing specifically on the interface
vessels between the masses and uterus.

Flow void sign was considered to be present when
flow voids could be identified between the mass and
the uterus on MRI. Leiomyoma was defined as a well
encapsulated uterine mass that appeared hypointense
on T2-weighted images and isointense on T1-weighted
images, showing post contrast enhancement similar
to myometrium. Other solid pelvic lesions included
those solid appearing pelvic masses that had signal
characteristics similar to leiomyomas that is also
appear hypointense on T2-weighted images and
isointense on T1-weighted images.8

Data initially collected on proforma, was later analyzed
using SPSS version 19. Frequencies and percentages
of quantitative variables were calculated. Histopatho-
logy was the gold standard to assess the diagnostic
accuracy of the flow void sign in distinguishing
leiomyomas from other solid pelvic masses on MRI.
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Be_s_u_l_ts—_

A total of 73 solid appearing pelvic masses were
evaluated for the presence or absence of flow void
sign on MRI. These ranged in size from 3.1 - 17.5
cm with an average size of 7 £ 3.34 cm. Female
patients included in the study had an average age of
38.5 + 8.4 years.

Flow void sign was observed in 66 out of 73 pelvic
masses on MRI, out of which 65 were diagnosed
histologically as leiomyomas. One false positive case
was an ovarian fibroma on histopathology. The remai-
ning 7 pelvic masses did not show flow void sign on
MRI. Of these 4 one was an adenomyoma, 1 fibroma/
thecoma and 2 fibroids on histopathology.

For the purpose of the study, true positive case (TP)
i.e leiomyomas was positive both on MRI and histo-
pathology; false positive (FP) was positive on MRI
and negative on histopathology; false negative (FN)
was negative on MRI and positive on histopathology;
and true negative (TN) was negative on both MRI
and histopathology (Tab. 1).

When the flow void sign was seen and subsequent
histopathology confirmed the diagnosis of leiomyoma
on MRI the sensitivity, specificity, positive and negative
predictive values, and diagnostic accuracy were
calculated as 97% (65/67), 83% (65/66), 98% (65/66),
71% (65/67) and 95% (70/73), respectively.

Histopathology | Histopathology

Groups + ve Ve
MRI +ive for flow void sign TP (65) FP (1)
MRI - ive for flow void sign FN (2) TN (5)

Table 1: Distribution of patients for calculation of diagnostic
accuracy

Di .
Accurate detection and differentiation of pelvic masses
is important for planning a treatment strategy.® Mas-
ses can be differentiated on the basis of their site of
origin and signal characteristics on MRI. This is easy
with small masses, but becomes difficult with increa-
sing size of a pelvic mass. Leiomyomas are the com-
monest benign uterine tumors. These have a typical
MRI appearance of distinct low signal intensity on
T2- weighted images, due to excessive hyalinization
that allows for their diagnosis.10
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The central location and inseparability from the uterus
generally allows to make a confident diagnosis of
uterine liomyoma. However, large leiomyomas espe-
cially subserosal/pudenculated or those lying within
the leaves of the broad ligament may simulate an
adnexal masss.10

On MRI the signal characteristics of uterine myomas
and adnexal masses may be sufficiently distinctive
to allow a differential diagnosis. However, a degene-
rated uterine myoma may have a varied appearance
on T2-weighted and contrast enhanced images accor-
ding to the hyaline or myxoid degeneration, degree
of interstitial edema, cystic degeneration, necrosis,
fibrosis, calcification, haemorrhage, carneous degene-
ration, and fat.11 On the other hand various other
solid appearing pelvic masses or those with smooth
muscle or fibrous tissue components can have an
MRI appearance similar to leiomyoma.45 Adnexal
masses such as fibroma, thecoma, Brenner tumors,
dysgerminoma and Krukenberg's tumor may also
show hypointensity on T2-weighted images.10 There-
fore ancillary signs are needed to strengthen the
radiological diagnosis in such doubtful cases.

One of the useful clues in assessing the origin of a
pelvic mass is the presence or absence of normal
ovaries. However, normal ovaries may not be visible
on imaging in post-menopausal status or get displaced
and obscured by a large exophytic fibroid. Further-
more, a mass may arise from the periphery of the
ovary and therefore the identification of an apparently
normal ovary does not excludes its ovarian origin.6
Another useful sign is the vascular supply of the
pelvic mass and its feeding vessels. These feeding
vessels will appear as signal void structures on MRI.
We used the term “flow void sign” in this study when
these feeding vessels were seen between the uterus
and the pelvic mass ( Fig. 1).

Leiomyomas are surrounded by compressed normal
myometrium and a scaffolding of vascular tissue,12.13
giving us “flow void sign” on MRI (Fig. 2). Patholo-
gically, both dilated feeding arteries and draining
veins are seen within the surrounding myometrium
when flow void sign is present.” A previous report on
pelvic angiography showed that dilated feeding arteries
are one of the characteristic features in uterine leio-
myomas, whereas other pelvic masses including
ovarian and uterine cancers are usually hypovas-
cular.13 Therefore it is assumed that the sign is pro-
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Figure 1: Intramural leiomyoma with flow void sign. T2-weighted

(a) and post contrast axial images (b) show a well defined mass

within the myometrium with prominent interface vessels between
the mass and the uterus giving the flow void sign (arrows).

duced by dilated vessels with fast flow, probably
arteries from the myometrium supplying the leio-
myoma. The contribution of draining veins which
usually have slow flow is small.7 This is most likely
the reason that enhancement of the flow voids is not
seen on post contrast imaging. This observation was
made in this study and also reported in a previous
study.”

Torashima et al. reported that peripheral flow voids
seen with leiomyoma on MRI indicate that the uterus
is the organ of origin of these masses as they are
not seen with any other kinds of pelvic tumors. They
concluded that flow voids were seen exclusively in
leiomyomas of 3 cm diameter or larger and that large
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Figure 2: Multiple uterine fibroids. T2-weighted (a) and post
contrast axial images (b) show flow void sign in the periphery of
the large fibroids, conspicuous on post contrast images (arrow).

myomas and those with irregular signal intensity on
T2-weighted images had a higher prevalence of this
sign than others.”

Kim et al. reported “interface vessels” on color and
power Doppler ultrasound and MRI when feeding
vessels were seen between the uterus and a pelvic
mass. In Kim et al. study they had a sample size of
41 patients with subserosal myomas and 27 patients
with solid extra uterine tumours. They concluded that
the interface vessels were a useful clue for differen-
tiating subserosal uterine myomas from extrauterine
tumors. In all their cases contrast enhanced T1-
weighted imaging was the best for the conspicuity of
the interface vessels. The sensitivity, specificity,
positive predictive value, negative predictive value
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and accuracy of interface vessels for a positive final
diagnosis was calculated as 95%, 89% , 93%, 92%
and 92% respectively.6 Results of the present study
are comparable to those of Kim et al. Our study
showed that flow void sign is both sensitive as well
as specific for the diagnosis of leiomyoma on MRI
with a sensitivity , specificity, positive predictive value,
negative predictive value and diagnostic accuracy of
97%, 83% , 98% , 71% and 95% , respectively.

In an article by Mittl et al. reported a high signal
intensity rim on T2 weighted images surrounding a
uterine myoma and has reported that the histological
correlate of this findings was dilated lymphatic vessels,
dilated veins, and/or edema. In this study they
mentioned that high signal intensity rim was present
in intramural and subserosal myomas, but not in
submucosal myomas. They concluded that this sign
may be helpful in differentiating exophytic subserosal
myomas from adnexal masses.15 In all our cases of
subserosal myomas after even after care full evaluation
we did not observe the high signal intensity rim on
T2 weighted images in any case.

In a study by Thomassin-Naggara el al. utilizing
dynamic contrast enhanced MRI for differentiating
ovarian fiboromas and subserosal uterine leiomyomas,
enhancement was found to be more intense and
precocious in uterine leiomyomas than ovarian
fibromas and typical thin regular arterial vessels were
visualized in 73% of subserous uterine myomas.16
This corresponds to the flow void sign seen in this
study.

Flow void sign is useful for differentiating leiomyomas
and focal adenomyosis (adenomyoma) (Fig. 3) or
solid ovarian masses (fiboroma, thecoma) these
masses often show signal intensity similar to uterine
leiomyomas, but the flow void sign was not seen in
any of ovarian tumors therefore it may not be sensitive
but is quite specific for differentiating uterine leiomyo-
mas from other pelvic masses. In this study there
was one fibroma which showed flow void sign similar
to leiomyomas this was because it was large more
that 5 cm and was lying on the fundus of uterus rather
than in adenexa. There were two fibroids which did
not show the flow void sign this can be attributed to
their size as both were 3 cm in one dimension but
the other dimension was less than 3 cm as well as
due to the fact that they were both intramural in
location.
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Figure 3: Adenomyosis.. T2-weighted (a) and post contrast sagital

images (b) show an ill defined abnormal signal intensity are within

the anterior myometrium (arrow). It is T2-weighted hypointense
similar to fibroid but does not demonstrate flow void sign.

There are a few limitation of our study as the sample
size was small and the study was done at a single
center. There have been only two studies interna-
tionally on literature search and no local studies have
been conducted so the results cannot be compared
with more studies done.

The flow void sign is an important ancillary sign for
the radiological diagnosis of leiomyoma on MRI and
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useful in differentiating leiomyoma from focal
adenomyosis or ovarian tumors which show signal
intensity similar to uterine leiomyomas.
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