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ABSTRACT

all high diagnostic accuracy.

Aims and Objectives: The aim of this diagnostic observational study was to find an association of final
diagnosis of adnexal masses suggested by MRI and
compared it as an imaging modality in determining
the origin, nature (benign/malignant) & characteristics of adnexal masses by calculating sensitivity,
specificity, and diagnostic accuracy. Materials and
Methods: The present study was carried out in 90
patients in the department of radio diagnosis and
imaging, institute of medical sciences, Banaras Hindu
University (BHU). The patients were referred from
department of obstetrics & gynecology, institute of
medical sciences. Majority of the referred cases were
those who had clinical features of abdominal pain,
abdominal lump, menstrual irregularity, ascites, and
anorexia or weight loss & in whom adnexal mass was
suspected clinically. Magnetic resonance imaging was
performed using 1.5 Tesla MR Scanner, Magnetom
Avanto (Siemens Healthcare). Results: Out of 114
masses, 17 (14.9%) were malignant. The benign
adnexal masses were maximum in the age group 20 39 years (56/97, 57.7%), while malignant masses were
mainly found in women ≥60 years of age (11/17,
64.7%). CA-125 level was grossly elevated in association with 35.3% of the malignant masses. On MRI,
the sensitivity for the mass of ovarian origin was
(97.7%) and specificity was (73.1%). The diagnostic
accuracy was (92.1%). The mass of uterine origin had
a sensitivity of (73.1%) and diagnostic accuracy
(99.1%). Conclusion: MRI, because of its accuracy in
identifying the origin of adnexal mass and characterizing the solid, hemorrhagic, fatty and fibrous content,
may obviate surgery or significantly contribute to
preoperative planning for a sonographically indeterminate mass. MRI is the state of the art imaging modality for evaluation of adnexal masses with an over-
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1. INTRODUCTION
Adnexal masses are quite common. An estimated 5% to
10% of women undergo surgery for suspicious adnexal
masses, less than 25% of which prove to be malignant
(NIH Consensus Conference. Ovarian cancer. Screening,
treatment, and follow-up. NIH Consensus Development
Panel on Ovarian Cancer). Exclusion of malignancy in
an adnexal mass is of paramount importance. It is the
most crucial step after identification of a mass and has a
profound effect on the patient’s management. It is all the
more important to know the nature of the tumor before
surgery in a young woman. The benign or malignant nature of a clinically diagnosed adnexal mass is frequently
not evident before surgical exploration and histological
examination. A reliable method to differentiate benign
from malignant adnexal masses would allow for appropriate subspecialty referral, optimal preoperative planning and counselling of the patient. Ultrasonography (US)
is the accepted primary imaging technique for evaluating
adnexal masses. However, the overlap in USG features
of benign or malignant pelvic masses warrant further
research on complimentary techniques. Colour Doppler
imaging has been investigated as possible means of improving the specificity of gray scale sonography in differentiating benign from malignant lesions. The sensitivity of morphological analysis with US in predicting malignancy has been reported to be 85% to 97% whereas
the specificity ranges from 56% to 95% [1,2]. For Doppler US techniques, sensitivities of 50% to 100% and
specificities of 46% to 100% have been reported. Despite
the claim of improvement in sensitivity and specificity
with combined approach, some adnexal masses remain
indeterminate. Magnetic resonance imaging (MRI) has
been shown to have potential for characterizing adnexal
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masses [3,4]. These studies have shown that MRI is superior in identifying endometriomas, dermoids and fibroids, and the reproducibility and accuracy have been
documented. Recent literature search reveals multiple
MRI features specific for ovarian malignancy. Therefore,
in the present study, we have tried to assess the ability of
MRI to characterize indeterminate adnexal masses. MRI
might offer a non-invasive and more accurate characterization of the doubtful masses.

lesions between non-enhanced & contrast-enhanced images. MRI also assessed absence/presence of necrosis in
solid lesion, and signal intensities on T1-weighted (fatsuppressed & non fat-suppressed) & T2-weighted sequences. All patients with cardiac-pacemaker implants,
aneurysmal clips, metallic implants and ferrous foreign
bodies were excluded from the study group. The final
diagnosis was established by clinical follow-up, imaging
follow-up, per-operative findings and/or histopathology.

2. MATERIALS AND METHODS

2.2. Statistical Analysis

The present study was carried out in 90 patients in the
Department of Radio diagnosis and Imaging and Department of Obstetrics & Gynecology, Institute of Medical Sciences Banaras Hindu University Varanasi, India,
in accordance with the declaration of Helsinki guidelines
on good clinical practice. The Institutional ethical committee approved the study and written informed consent
was obtained from each patient. Majority of the referred
cases were those who had clinical features of abdominal
pain, abdominal lump, menstrual irregularity, ascites,
and anorexia or weight loss & in whom adnexal mass
was suspected clinically. Magnetic resonance imaging
was performed using 1.5 Tesla MR Scanner, Magnetom
Avanto (Siemens Healthcare). Clinical assessment included age, pregnancy status, menopausal status and CA125 levels (if done) of each patient. Clinical history was
elicited from the patients or guardians. Clinical records
were evaluated to look for any relevant investigation and
for any previous operative procedure, or histopathological examination. All the patients undergoing MRI had
fast for 4 hours and received an anti-spasmodic intramuscularly 10 minutes before MRI to reduce bowel peristalsis and to improve visualization of adnexa and peritoneal surfaces. Image acquisition was done in axial,
sagittal & coronal planes in T1 & T2-weighted sequences
using 8 channels transmit-receive torso phased-array coil.
Fat-suppressed T1 weighted imaging was done when
mass showed high signal intensity on T1W sequence to
confirm/rule out presence of fat. The fields of view were
small (20 cm) with high resolution matrixes (256 × 256),
and thin slices of 4 mm.

Statistical analysis was applied to find out the sensitivity,
specificity, positive predictive value, negative predictive
value and diagnostic accuracy. Chi-square (2) test was
used to find out the significant association between the
variables. The level of significance was taken as 5% at
two-tailed test. Agreement between MRI and final diagnosis was established using kappa statistics & 95% CIs.
The data analysis was done using SPSS (version 16)
system.

3. RESULTS
There were 90 patients with 114 adnexal masses. They
were single in 66, bilateral in 16 and unilateral dual
masses in 8 patients. Their age ranged from 12 years to
65 years. Out of 114 masses, 17 (14.9%) were malignant.
The benign adnexal masses were maximum in the age
group 20 - 39 years (56/97, 57.7%), while malignant
masses were mainly found in women ≥60 years of age
(11/17, 64.7%). (Table 1) CA-125 level was grossly elevated in association with 35.3% of the malignant masses.
On MRI, the sensitivity for the mass of ovarian origin
was (97.7%) and specificity was (73.1%), (Figures 1 and
2). The diagnostic accuracy was (92.1%). The mass of
uterine origin had a sensitivity of (73.1%) and diagnostic
accuracy (99.1%) on MRI, (Figure 3). There were seven
patients in “others” category, four of them had encysted
ascites and three had paraovarian cysts much larger than
coexisting hemorrhagic ovarian cysts. The encysted ascites was misinterpreted as benign ovarian cyst. The
Table 1. Age distribution of adnexal masses.

2.1. Image Analysis
MRI assessed the criteria of size of mass, multiplicity &
laterality, thickness of wall & septa, papillary excrescences/vegetations, tissue content, metastasis, ascites,
lymphadenopathy, involvement of pelvic organs & sidewalls based on same parameters. MRI criteria were taken
according to Stevens et al. & Ferrazzi et al. (2005) [5,6].
Only non-contrast MRI was done. Contrast-MRI was not
done as Hricak et al. [3] did not find any significant difference in the rate of detection of benign & malignant
Copyright © 2013 SciRes.

Final Diagnosis
Age (Years)

Benign

Malignant

No.

%

No.

%

<20

33

34.0

0

0

20 - 39

56

57.7

2

11.8

40 - 59

7

7.2

4

23.5

≥60

1

1.0

11

64.7

Total

97

100

17

100
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Figure 1. Bilateral mature cystic teratomas:
Axial T1-weighted fat-suppressed image shows
bilateral adnexal masses (yellow arrows) with
suppressed high signal indicating presence of
fat.
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Figure 3. Uterine fibroid with pregnancy mimicking malignant mass on
imaging: Sagittal T2-weighted image
shows supraumbilical large solid-cystic mass with apparent minimal extension along mesenteric vessels raising
suspicion of mesenchymal malignant
tumour (yellow arrow).

Figure 2. Endometrioma: Axial T2-weighted
image shows dependent layering with relatively
hypointense fluid-fluid level (yellow arrow).

paraovarian cyst coexisting with hemorrhagic ovarian
cyst was interpreted as two different lesions but within
the same ovary. MRI had maximum accuracy (96.5%)
and agreement (κ: 0.85, CI: 0.67 - 0.85) in the diagnosis
of a malignant ovarian tumor on the basis of criteria such
as tumor size > 4 cm, necrosis within the tumor, wall
thickness, septal thickness and tissue content (Figure 4).
Therefore all the patients in young age group especially
with normal CA-125 should be evaluated by MRI to exclude malignancy and to save the patients form unnecessary laparotomy or radical operation. Endometriomas
were most accurately diagnosed by MRI with 100% sensitivity and accuracy. MRI was the best imaging modality to identify fibroids with 83.3% sensitivity, 100%
specificity and 99.1% accuracy. Thus, the pedicle of fibroid, and fibrous tissue nature of fibromyomas can be
best delineated by MRI. The advantage of MRI lies in its
Copyright © 2013 SciRes.

Figure 4. Malignant ovarian mass: Sagittal T2-weighted image shows cystic
mass with solid areas raising suspicion of malignancy (yellow arrow).

ability to reveal normal ovaries and to delineate the
pathognomic tortuous folds of a hydrosalpinx.

4. DISCUSSION
In a screening of postmenopausal, high-risk population,
the prevalence of ovarian cancer was approximately
0.1%, and the prevalence of pathology proven benign
masses ranged from 0.8% to 1.8% [7-10]. Our study outlines the typical magnetic resonance imaging features of
the most commonly encountered adnexal lesions. The
American College of Radiology has provided guidelines
to assist in the appropriate utilization of MRI in the pelOPEN ACCESS
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vis (ACR Practice Guideline for the Performance of
Magnetic Resonance Imaging (MRI) of the Soft Tissue
Components of the Pelvis). MRI is recommended for the
characterization of complex adnexal masses that are indeterminate on US. Most studies have shown MRI to be
superior to endovaginal US in the differentiation of benign from malignant adnexal lesions [11-14]. Studies
have reported sensitivity from 67% to 100% and specificity to range between 77% and 100% [15-20]. Preliminary studies have demonstrated the value of dynamic
contrast-enhanced MRI in the characterization of ovarian
epithelial tumors [21,22]. The use of diffusion-weighted
imaging is debatable with no significant difference between malignant and benign adnexal lesions [23]. The
additional benefit of MRI for characterization of ovarian
masses in selected patients has been well documented
[24-27]. A prospective study of 103 women with adnexal
masses found that MRI had sensitivity and specificity of
96% and 100% for diagnosis of pedunculated leiomyomas, 100% and 99% for dermoid cyst, and 92% and 91%
for endometriomas [25]. In a study of women with a variety of gynecologic diseases, including adnexal masses,
pelvic MRI was shown to alter treatment in up to 73% of
patients, decrease the number of invasive surgeries, and
reduce overall expenditures for care [28]. In our study,
MRI significantly improved the specificity in deciding
the ovarian origin of adnexal mass with higher predictive
values and diagnostic accuracy. Magnetic resonance imaging is a valuable modality for non-invasive evaluation
of the adnexal masses for elucidating the nature and origin of variety of pathological conditions because of excellent spatial and tissue contrast resolution, good tissue
characterization and multiplanar imaging capability without any risk of ionizing radiation [29]. MRI has shown to
have a 91% - 93% overall accuracy for differentiating
benign from malignant tumors [4]. Ahmad et al., [29]
consider MRI to be the state of the art imaging modality
for adnexal masses with high overall diagnostic accuracy
besides aiding in staging of malignant adnexal masses.
Out of 114 masses that we evaluated, 17 were malignant.
Pre-operative determination of malignant nature of the
mass assumes great significance among young women
with normal CA-125 level as the further line of management would alter their obstetrical prospects as well.
The benign nature of the mass in our patients was determined by MRI with 53% sensitivity, 98% specificity and
91% accuracy while it was determined to be malignant
with 76.5% sensitivity, 100% specificity and 96.5% accuracy. It also had excellent agreement (κ = 0.85). According to Adusumilli et al., [30] the specificity of MRI
for correctly making a benign diagnosis was 94% (98%
by us) and its sensitivity for correctly identifying a malignant lesion was 100% (95% CI, 57% - 100%) compared with 76.5% found by us. There were four masses
Copyright © 2013 SciRes.

in our study, two of ovarian pregnancy and two of ovarian torsion with hemorrhage. The ovarian pregnancy was
misinterpreted as tubal pregnancy because ovarian follicles were found at the periphery of gestation sac giving
an impression of normal ovary. However, MRI showed
an eccentric solid mural nodule (size > 3.0 mm) and labeled it as indeterminate as it could not authentically
comment upon the nature of the mass. The eccentric
nodule turned out to be a twisted pedicle per-operatively.
Our findings are quite consistent with most of the other
studies. Our findings also suggest like those of others
that MRI should have selective application for sonographically labeled complex masses and not be used at
random.

5. CONCLUSION
MRI, because of its accuracy in identifying the origin of
adnexal mass and characterizing the solid, hemorrhagic,
fatty and fibrous content, may obviate surgery or significantly contribute to preoperative planning for a sonographically indeterminate mass. MRI is the state of the
art imaging modality for evaluation of adnexal masses
with an overall high diagnostic accuracy.
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