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Abstract

Objective: To ascertain the role of MRI as a problem solvingdality in characterising indeterminate uterine and
adnexal masses from US®lethods: A prospective study was conducted with 100 femadtiepts with pelvic
pathologies who underwent an ultrasound examinagioth proved to be diagnostic dilemmas. These pfatieere
further investigated with an MRI of the pelvis wotit contrast. Routine sequences were performedl ipaients
including T1Wi,T2Wi and GREResults: There were 70 uterine lesions (fibroids -39, adeymsis -14,Mullerian
anomalies — 4,bulkiness of uterus -8,low lying plaa antenatal scan -2) and 30 adnexal lesiong(naelt ovarian cysts
-10,dermoid cyst — 6,chocolate cyst -8,tubovariasses — 6,chronic torsion -1,chronic ectopic —ritgpeeal inclusion
cyst -1). The diagnosis made after the MRI scanaeaspared to the working diagnosis made from US&Gthase were
separately compared with the HPR diagnoses in &8mia who underwent surgery. The remaining 43ep#diwho were
treated conservatively the MRI diagnoses were coetpavith the working USG diagnoses. The statistitata was
analysed by contingency coefficient, CC, methodriéwda of Chi square method).The CC for USG diagaoard
postoperative diagnoses was statistically significihe CC for MRI diagnoses and postoperative riiags was 0.684
at a p value of 0.01B@onclusions: The analysis of data from the study indicates angtrassociation between the MRI
diagnoses and the postoperative diagnoses, mateaaahe USG diagnoses and the postoperative diagndhere is
more variability between the USG diagnoses angtistoperative diagnoses by comparison.
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I ntroduction

Female pelvic pathologies have been common cause of
morbidity in the population worldwide. Large scraen
studies show that majority of these lesions ardgmen
even though the malignant ones are significantecads
mortality. As such, it becomes important to asdéeréa
accurate diagnosis in these cases with imagindghab t
appropriate and timely interventions can be made.

USG has been the mainstay of imaging in femaleipelv
pathologies for many decades. The advent of high
resolution trans vaginal USG has carried this fmth
providing greater diagnostic accuracy. Howeverpies

its many advantages this modality puts physiciana i
diagnostic dilemma more often than thought. In ¢hes

situations, the relatively new entrant in the diagjic
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armour, MRI comes to the rescue. In addition tdiggh
contrast resolution and multi planar imaging calitgbi
MRI gives us the edge in imaging by being able to
differentiate between the types of tissue, theilignant
potential and other characteristics based on #igiral
intensity and come to a diagnostic conclusion ptaor
surgery. Also MRI is the choice investigation afte8G

in specific groups of the population such as pragna
women [1]and young children[2] who cannot undergo a
CT scan due to risk of ionising radiation. But tleal
gap comes because physicians and general radislogis
cannot decide if and when it is appropriate to rrefe
patient for MRI scanning after USG [3]. Some of the
earlier studies conducted in this regard include
correlation of pelvic magnetic resonance imaging
diagnosis with pathology for indeterminate adnexal
masses by Haggerty A F et al[4] which compared the
accuracy of MRI with final pathological diagnoses i
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indeterminate adnexal masses, Characterization of cases with inconclusive USG findings optimises the
Adnexal Mass Lesions on MR Imaging by S.A. Soahib  diagnostic accuracy.

et al [5] which brought forward the accuracy of MR

imaging in detection and characterisation of adhexa In this study the specific objectives are to use IMR
mass lesions .A two-stage imaging protocol for  imaging as problem solving tool in indeterminate
evaluating women presenting with acute pelvic fgin uterine and adnexal lesions from USG and to
Amal Amin Abu El Maati et al[6] which showed that characterise the uterine and adnexal lesions aiceptal
sequential imaging with USG followed by MRI for their MRI characteristics.

Materials and Methods

The study was conducted from July 2012 to July 204K diagnostically difficult female pelvic pathogies on USG
during this period were included. Previously diagg cases by CT/MRI, known cases of malignancy ##R reports
were excluded from the study. First a working dizgis was made from the USG examination. This whsved by the
MRI scan of the pelvis without injection of contrasformed consent for an MRI scan without corttraas taken from
all patients. The MRI scans were performed onl.Mdagnetom AVANTO from SIEMENS with software version
SYNGO B13.A pelvic phased array coil was used impatients and the following sequences were obthineatinely in
all patients.

Table-1: MRI protocol for the study

Sequence TR( | TE( | Slice FOV( | Phase | Phase Distan | Avera | Voxel Flip
ms) | ms) | thickness( | mm) codin | over ce ges (mm) angle
mm) g sampling( | factor 0)
direct | %) (%)
ion

T2coronal | 4.13 | 207 | 5 400 R>>L| 23 50 1 2.1X1.670
trufi(bh) X5.0
T2 trufi 435 | 218 | 4 325 A>>P 29 60 1 1.7X1.370
transverse(b X4.0
h)
T1ltse 627 | 11 4 230 A>>P| 40 40 2 1.0X0.y 150
sagittal X0.4
T2 tse 5070 | 101 2 230 R>>L| 80 40 2 1.1X0.p150
sagittal X2.0
T2 tse 6050 | 96 4 230 A>>P| 40 30 1 1.1X0.9150
transverse X4.0
T2 tse 3000 | 96 4 100 R>>L| 50 10 1 1.2X1.0150
coronal X4.0
T2 se 5420 | 96 4 230 A>>P| 40 30 1 1.1X0.p150
transverse X4.0
fat sat
Transverse | 1250| 206 | 5 230 A>>P 67 0 1 1.2X0.920
hemoflash X5.0
ep2d 4300| 85 4.5 350 A>>P 0 30 4 1.9X1.9
diff(B50,40 X4.5
0,800)
T1 122 | 476 | 6 350 A>>P| 0 20 1 2.0X1.470
fl2dtrambh X0.6
T1fl2d 100 | 238 | 6 350 A>>P| 0 30 1 2.0X1.470
oppphtramb X0.6
h
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The signal intensity characteristics of the lesiovere studied on T1Wi and T2Wi first followed byt fsaturation,
hemoflash, DWi at B values of 50,400 and 800, iagghand opposed phase characteristics. Detailedsassnt of the
sequences was performed and the final diagnosi®.nidte diagnosis made after the MRI scan was caadptar the
working diagnosis made from USG and these wereratgdg compared with the HPR diagnoses in 53 piiarho

underwent surgery. The remaining 43 patients whewreated conservatively the MRI diagnoses werepased with
the working USG diagnoses. The statistical data aveysed by contingency coefficient, CC, methoakriant of Chi

square method).

Results

In the one hundred cases studied, analysis of &gebdtion of the patients show that majority detpatients with
indeterminate pelvic pathologies were in the agaugrof 31 — 40 years(46). Most of the patients weaea 2 on
assessment of the parity status (39).From anabfdise chief complaints that the patient present@di, it was found
that majority (52)had abdominal pain as a symptdheealone or along with other symptoms such asarméagia.

Assessing the pathologies, it was found that méshe indeterminate cases were primarily uterineoiigin (70)
compared to adnexal lesions (30). Analysis of fffecdlt uterine pathologies on USG revealed filwt®i(39) followed by
adenomyosis (14) predominantly. Other cases indudldness of the uterus(8), Mullerian anomalids)(and low lying
placenta in antenatal scan (2).

Table 2: Distribution of uterinelesions

Uterinelesion Number of cases
Fibroid 39
Adenomyosis 14

Uterine anomalies 4

Bulky uterus 8

Antenatal scans for low lying placenta 2

Analysis of the indeterminate adnexal masses redenlost of them to be malignant ovarian cysts (@0pwed by
chocolate cyst (8) and dermoid cyst ( 6 ).Otheiles include tubovarian masses (6), chronic torgidr), chronic
ectopic (1) and peritoneal inclusion cyst (1 ).

Table 3: Distribution of adnexal lesions

Adnexal pathology Number of cases
Neoplastic ovarian cyst 10

Dermoid cyst 6

Chocolate cyst 8

Tubovarian mass 6

Chronic torsion 1

Chronic ectopic 1

Peritoneal inclusion cyst 1

The assessment of signal intensity characters oh3gW8ws that most of the indeterminate adnexal esase complex
cysts (26) compared to solid lesions(7).Analysithefcomplex cysts revealed septations in mostaibhemorrhage (9)
compared to mural nodules (2).

Tabled:Characterization of cystic adnexal lesions

Type of lesion Number of cases
Cyst with septae 16
Cyst with solid nodule 2
Cyst with hemorrhage 9
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Comparison of the working USG diagnosis with poserative diagnoses in the 53 patients who undensargery
shows that USG diagnoses agreed with post operdiagnoses in 30 cases with incorrect diagnosed inakes an

inconclusive diagnoses in 12 patients.

Table 5: Comparison of the USG diagnosis with post operative diagnosis

USG with HPR correct 30
USG with HPR incorrect 11
Patients managed conservatively 47
No conclusive diagnosis on USG 12

On comparing the MRI diagnoses with the post oparatiagnoses it was found thaty agreed in majority of case51
) and differed only in two cases.

Table 6: Comparison of the diagnosis by MRI with post operative diagnosis

MRI and post op diagnosis same 51
MRI and post op diagnosis differ 2
Patients managed conservatively 47

Fig -1: Bar graph showing correlation of MRI diagnosiswith HPR diagnosis

W Seriesl

mri with hpr correct mri with hpr incorrect conservative

Data analysis was done using SPSS software. ontingency coefficient method/idriant ofchi square method) was
used.The CC for USG diagnoses and postoperative diagnwas 0.775 at a p value of 0.001.The CC for MRgdose:
and postoperative diagnoses was 0.684 at a p v&@13

This indicates the reVance of both the tests. In our study, we fourad ¢ 53 patients who underwent surgery N
diagnosis agreed with post operative diagrin 51 patients; whereas USG diagnoses agreed yjn3tnpatients. Henc
it was concluded that MRI proves to beetter modality in comparison to USG on qualitatagsessmel

Discussion

In this study of 100 patients with pelvic patholeg congenital or infectious in the young and neoptz
which were indeterminate on USG, analysis of thia more likely malignant in the aged. The difficulogr is
shows some salient featurdéis.the study group most the reproductive age group in whom the com
the cases were in the 340 years age group. This c pathologies present with symptoms like ac
be due to the fact that lesions in the younger @ddr abdominal pain which warrants further investigafié}

age groups are diagnostically easier as most e
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The parity assessment shows that most of the pstien
were para 2, followed by nullipara and para 1.This
might be due to the fact that nulliparity beingiskr
factor for estrogen dependent lesions such asidibro
and certain ovarian malignancies; these will be emor
confidently diagnosed with USG in such patients.
Nulliparity is a risk factor in patients presentimgth
dysmenorrhoea according to studies [8].Likewise,
adenomyosis is more common in a multiparous woman
that it makes the diagnosis on USG easier. It isrwh
the patient does not have such risk factors that th
diagnosis becomes more difficult from USG alone.

Abdominal pain was the most common symptom in this
study, suggesting that even with subtle symptokes li
non specific abdominal pain, patient may harbour a
diagnostically challenging lesion highlighting that
sufficient time should be given for each patierd &éme
difficult cases have to be further investigated.

From the distribution of difficult pelvic patholaeg into
uterine and adnexal lesions, majority were foundbéo
uterine in origin. This is due to the higher prevale of
uterine pathologies such as fibroids (20 — 40 %)m
reproductive age group [9]compared to adnexal tessio

Among the 100 patients studied, approximately 46f%
the lesions turned out to be cases of fibroid.leke 26
were already diagnosed on USG however, after MRI
multiple other fibroids could be picked which weret
seen on USG. MRI is the most sensitive modality {88
93 %)in the diagnosis of uterine fibroids[10] esplyg

the smaller ones[11].

Regarding the distribution of fibroids, majority tfe
fibroids detected were intramural ( 33 ). Nine casé
submucosal fibroids, of which 5 were submucosal
fibroid polyps was also detected on MRI. Among the
submucosal fibroids only 2 cases were suspected on
USG.

Two cases of subserosal ( broad ligament )fibraidse
also picked up on MRI scan whereas on the USG
diagnosis of adnexal mass was suggested. A suspecte
cervical fibroid on USG turned out to be a supraicat
intramural fibroid on MRI. Another suspected case o
endometrial polyp on USG turned out to be a submucu
fibroid polyp on MRI scan. Submucosal, intramunatia
subserosal fibroids are easily differentiated onlMR
also are fibroids in unusual locations such as igerv
which is supported by earlier studies [11].
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Fig -2.Submucous fibroid polyp detected on MRI

L T -

MRI was 100 % sensitive in diagnosing fibroids as
compared to USG. Fibroid mapping could be more
accurately done, especially submucus fibroids were
better identified on MRI and more fibroids could be
identified in the MRI scan than on USG.

In a study done by Eric .D. Levens et al [12] conma
TVS and MRI, they found that MRI has superior
sensitivity in detecting fibroid tumors. Submucous
fibroid tumors were best identified with MRI (100%
sensitivity; 91% specificity). MRI has excellent
reproducibility, whereas TVS demonstrated lower
reproducibility, and substantial disparities weoairfd
when results were obtained by different observensgu
TVS.

The next most common uterine pathology that was
found was adenomyosis. Among the 11 cases of
adenomyosis diagnosed on MRI,7 were reported as
bulky uterus on USG. On MRI scan the characteristic
junctional zone widening and T2Wi hyperintense
branching myometrial cysts could be clearly viszedi,
clinching the diagnosis.

Three suspected cases of heterogenous myometrium in
a bulky uterus on USG were confirmed by the MRI
study. Another case was incidentally picked whea th
MRI was done for evaluation of fibroids. Two casds
focal adenomyomas could also be well characterized
from MRI study.

Studies show that MRI has 77.5 % sensitivity ancb92
% specificity in the diagnosis of adenomyosis uteri
[13].In our study, eight among the diagnosed cades
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adenomyosis were operated and the post operative
diagnoses were conforming to MRI findings.

Fig 3: Focal adenomyosis along the posterior uterine
wall detected on MRI,T2Wi sagittal sequence

A sonographically indeterminate adnexal mass is
defined as (a) one that has complexity but thagraf
thorough interrogation including Doppler assessment
cannot be confidently placed into either the berogn
malignant category or (b) one for which the site of
origin, from the ovary, uterus, or another pelvic
structure, remains to be established. Indeterminate
adnexal masses are within the “gray area” between
complex benign disease and early malignancy [14].

Of the 33 difficult adnexal lesions on USG, both
neoplastic and benign lesions were detected on MRI.
The most common were benign ovarian lesions. Among
the benign adnexal pathologies chocolate cysta(By-
ovarian mass (5)in pelvic inflammatory disease
predominated; while other cases like, hematosalpinx
ectopic pregnancy (1), chronic ovarian torsion@)d
peritoneal inclusion cyst(1) forming the rest.

The endometriomas were difficult to diagnose on USG
because some of them were large and septated
simulating neoplasms. In the cases of endometriosis
our study, MRI was helpful in characterization bgt
cysts, delineating other endometriotic implants atsib
detecting endometriomas in the other ovary.
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Fig-4.Endometriotic cysts with hemorrhage on MRI,
T1Wi sagittal sequence

Studies have shown that MRI can be very useful in
patients in whom ultrasound findings are equivatarmdt

in carefully selected high risk population. It is
especially beneficial in identifying endometriomas,
adhesions, superficial peritoneal implants and
extraperitoneal lesions, particularly those in teeto
vaginal pouch and uterosacral ligaments as welhas
solid endometriotic nodules.

The signal intensity of MRI depends on the contefts
the endometrial implants. The contents of these
implants mainly include the proteins and degraded
blood products, the ratio of which varies according
the stage of the haemorrhage and thus the variation
the signal intensity can be noted on MR images. The
acute haemorrhage may give hypointense (dark) Isigna
on the T1 and T2 weighted images. In contrast the
lesions containing degraded blood products like
methemoglobin, proteins and iron may be seen as
hyperintense (bright) on T1 and hypointense (dark)

T2 weighted images. Multiple high signal lesions,
usually in the ovaries, on T1l-weighted images, als
highly suggestive of endometriosis.

The findings in our study were comparable to other
studies, confirming the superiority of MRI over USG
pelvicendometriosis [15].

In the case of the 5tubovarian masses in our study,
associated with pelvic inflammatory disease, presen

of more lesions and extent of the disease was rbette
characterized on MRI than on USG. Bilateralism was
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detected in many cases only on the subsequent MRI
scan.MRI also helped in detecting tubovarian als&es
by showing diffusion restriction in such cases. &lyn
management with broad spectrum antibiotic coverage
was possible in many of these after the MRI scan,
alleviating the need for unnecessary interventions

In cases of PID, presence of tubovarian abscedlsl cou
be made out on MRI by demonstrating hypointensity o
T1Wi, heterogeneous intensity on T2Wi and showing
diffusion restriction.

Studies have shown that the sensitivity of MRI he t
diagnosis of PID was found to be 95%, with a
specificity of 89%, and overall accuracy was 93%][1
compared to the corresponding values of 81%, 78%,
and 80% for TVS respectively. MRI is more accurate
than transvaginal US and provides information about
the differential diagnosis of PID, and as suchuse
may also reduce the need for diagnostic laparoscopy
MRI can be useful in PID especially when sonography
is inconclusive or non-diagnostic.

Two cases of chronic ovarian torsion could be
diagnosed conclusively on MRI which showed
unilateral enlarged non enhancing ovary located
medially with twisting of its pedicle showing wipdol
sign. The diagnostic dilemma on USG which was
showing flow within the ovary could be satisfachpri
resolved after MRI by demonstrating the torted pledi

Sagittal MR imaging may be more helpful in detegtin
thickened tube, which may be visualized as a tubula
protrusion on the twisted side. Additional imaging
findings that can suggest hemorrhagic infarction
following adnexal torsion include eccentric smoa#tll
thickening exceeding 10 mm in a cystic ovarian mass
converging on the thickened tube, lack of contrast
enhancement of the internal solid component or the
thickened wall of a twisted ovarian mass, hemorehag
within the tube or twisted ovarian mass, and
hemoperitoneum [17].

In another case of heterogeneous adnexal mass Gn US
patient presenting with acute pelvic pain, was igesgd

to have chronic ectopic gestation after the MRhsziad
timely intervention was done in this patient whadha
equivocal clinical and lab parameters.

The rest of the indeterminate adnexal lesions were
neoplastic (15 ). This includes serous cystaden(iha

mucinous cystadenoma (3), dermoids (5) and mixed
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germ cell tumors (1) in the operated cases. The res
were not operated during the study period.

Of the neoplastic lesions majority were diagnosed a
large cystic lesion with thick wall, multiple thideptae

and mural nodules on USG which turned out to be
serous and mucinous neoplasms of the ovary.Theyovar
of origin could not be ascertained on the USG irstmo
of these and MRI helped in these cases by showing a
normal ovary on the other side. Also other assediat
features such as ascites and enlarged lymph nodés ¢

be better seen on the MRI scan.

On USG, adnexal masses which were described as
heterogenous with echogenic component turned out to
be dermoid ,which on MRI scan show edhyperintensity
on T1Wi and T2Wi showing suppression on fat
suppressed sequences.

Studies show that the sensitivity of MRI for iddyitig
malignancy (n = 5) was 100% and its specificity for
benignity (n = 90) was 94%. Excellent agreement was
seen between MRI and the final diagnosis for
determining the origink( = 0.93), tissue contenk (=
0.98), and tissue characteristiass £ 0.91) of a mass.
Sonography had poor agreement with the final
diagnosis for the origink(= 0.19) and tissue content (

= 0.33) of a mass. The main reasons for indetemtaina
sonographic diagnoses were the inability to deteemi
origin because of location and large mass sizethed
appearances of purely solid or complex cystic m&asse
[18].

Among the other diagnostic difficulties faced on®S
include cases of Miullerian duct anomalies(MDA)
.There were four cases of MDA in which the uterine
configuration and presence of ovaries could beriglea
made out on the MRI ,when it was difficult to vitina

on USG because of bowel loops and inability to do
transvaginal USG in these patients.

Currently, however, MR imaging remains the preférre
MDA imaging method, as it exquisitely details baotie
uterine cavity and external contours and has shown
excellent agreement with clinical MDA subtype
diagnosis [19].Studies have proven that Magnetic
resonance imaging is safe and gives a diagnostic
accuracy close to 100%.Magnetic resonance imaging
demonstrated 100% sensitivity and specificity
compared to 67% sensitivity and 100% specificity of
transvaginalsonography for unicornuate or bicomauat
uteri (anomalies requiring surgery). For non-suabic
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uterine anomalies, both techniques had 100% seihiti
and specificity.

Pelleritoet al[20] also noted that magnetic resonance
imaging had the further advantage of detecting rothe
incidental abnormalities, including a dermoid and
submucosal leiomyoma, not found on ultrasound.

Four antenatal MRI scans were included in this ystud
They were done as the lower margin of the placista,
interface with the bladder was dubious on USG. On
MRI the loss of the T2Wi hypointense wall of uripar
bladder adjacent to the placenta,with placentalués
seen through the bladder wall, helped in the caiotu
diagnosis of placenta percreta.Another case ofra te
ectopic abdominal pregnancy with uterine ruptures wa
also diagnosed on MRI scan after the USG was done.
The obstetricians could be forewarned in the alioxe
situations so they could anticipate the complicetio
during the surgery and delivery could be conducted
smoothly.

Currently, MRI is being increasingly used as a
correlative imaging modality to USG in antenatal
patients because of the lack of ionising radiatonl
better spatial resolution. In those patients whoodrese

or have oligo-hydramnios, MRI has obvious advantage
over USG.

Conclusion

From this study done on 100 female patients with
indeterminate pelvic pathologies on USG, who were
further assessed by MRI to form a conclusive diagno
we find that MRI is an effective method of detegtin
and characterizing adnexal and uterine lesions.Even
though, ultrasound remains the first line of imagfog
female pelvis,with high diagnostic accuracy rates f
uterine and ovarian abnormalities, MRI should be
considered for the evaluation of adnexal pathology
when sonographic characteristics are not definitove
determine whether an adnexal mass is ovarian girori
and to determine the likelihood of malignancy. Its
multiplanar imaging ability has a significant adtege

to detect lesions, to locate lesion and identifydsioom
cystic nature of lesion and there by aid in
characterization of lesion.

To conclude, MRI provides far superior information

regarding uterine and adnexal masses as well as
surrounding structures and hence has carved a foche
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being an excellent diagnostic modality, specialty sa
problem solving tool in various pelvic pathologies.
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