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Abstract: Purpose: To assess quantitative multi-parametric MRI examination in characterization of ovarian 
complex cystic masses. Patients: Thirty female patients with a mean age of 47 years (31 to 64 years old) were 
presented with ovarian cystic masses by pelvic ultrasound or pelvic CT scanning. All patients were referred to 
radiology department for a pre-operative multi-parametric pelvic MRI. Methods: Conventional MRI, dynamic 
contrast enhanced MRI (DCE-MRI), and diffusion weighted imaging (DWI) with apparent diffusion coefficient 
(ADC) value were performed by a 1.5 T MRI machine. Regions of interest (ROIs) were applied over the solid and 
cystic components of the masses. Post-operative histopathology was done to determine the nature of ovarian cystic 
masses. Results: Thirty female patients were included (11 malignant & 19 benign cases by histopathology). DCE-
MRI sequences had a significant higher mean values in malignant lesions than benign ones (p-value <0. 001). 
Regarding malignant lesions, time of initial peak of contrast uptake ranged from 55 to 100 seconds with an average 
77 seconds. On the other side, benign lesions showed time of peak range from 58 to 230 seconds with an average of 
104 seconds. The mean ADC value of benign lesions was (1.36 x 10-3 ± 0.77 mm2/s), and of malignant lesions was 
(0.58x 10-3 ± 0.21 mm2/s). Our cutoff value was 1.23 x 10-3 mm2/s. Conclusion: Multi-parametric MRI, such as 
conventional MRI criteria, DCE-MRI curves, diffusion weighted imaging (DWI) and apparent diffusion coefficient 
(ADC) value can independently differentiate benign from malignant ovarian masses. 
[Esam M Hemat, Khaled M El-Gerby, and Ahmed A Ismail. Quantitative multi-parametric MRI in 
characterization of ovarian cystic masses. J Am Sci 2017;13(1):93-103]. ISSN 1545-1003 (print); ISSN 2375-
7264 (online). http://www.jofamericanscience.org. 13. doi:10.7537/marsjas130117.13. 
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1. Introduction 

Ovarian carcinoma is a main cause of women 
death from gynecological cancers in USA[1]. Ninety 
percent five-years survival in stage-I patients, but it 
significantly decrease to 40% in stage III and 30% in 
stage IV patients [2]. The survival rate of ovarian 
carcinoma is high for localized disease (up to 93%) 
and decreases significantly for regional and distant 
dissemination (up to 60% and 42%, respectively) [3]. 

The management outcome of patients with 
different ovarian lesions can significantly be improved 
by using new imaging modalities. New imaging 
modalities can screen and select patients referred to 
gynecologic oncologists of females who are at high 
risk for malignancy, this led to increase survival rates 
compared to surgical care only[4,5]. Many imaging 
diagnostic tools, such as ultrasonography (US), 
computed tomography (CT), and magnetic resonance 
imaging (MRI) have been investigated as screening 
and diagnostic methods, but to date none of them have 
demonstrated sufficient accuracy to predict 
malignancy either alone or together as a part of 
screening system[6-12]. Contrast-enhanced MRI has 
about 84-93% accuracy in detection of ovarian 
malignancy [13-16]. However, interpretation of these 
images is subjective and may vary depending on the 
reader experience [14]. There are a number of 
parameters that can be measured with MRI, including 

permeability and perfusion parameters derived from 
dynamic contrast enhanced MRI, relaxation rates, and 
diffusion-related parameters. Several of these 
parameters have been found to be associated with 
ovarian malignancy. Generally, malignant tumors 
have been shown to have shorter T2 values [17], 
increased perfusion based on dynamic contrast 
enhanced MRI parameters[18,19], and lower apparent 
diffusion coefficients (ADC) than that of benign 
tumors[20-22]. 

The aim of our study was to assess multi-
parametric MRI in characterization of ovarian cystic 
masses (benign or malignant). 
 
2. Patients and Methods 
Patient characteristics: 

This is a prospective study that was compliant 
with our institution committee ethics and a written 
consent was taken from all patients. Thirty women 
with a mean age of 47 years (ranged from 31 to 64 
years), were presented with an ovarian cystic masses 
(based on pelvic US or pelvic CT scanning), were 
examined by conventional MRI, dynamic contrast 
enhanced MRI & DWI with ADC mapping. MRI scan 
was performed using a 1.5 Tesla superconducting MR 
machine (Philips–Achieva– Netherland), at radiology 
department of Zagazig University hospitals from 
November 2012 to November 2015. 
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MR Imaging protocol: 
Non contrast conventional MRI 
Axial T1-weighted FSE (TR/TE, 500/10 ms) & 
Axial T2-weighted FSE ( TR/TE, 3300/100 ms ). 
With slice thickness 6 mm Gap 1 mm. FOV 32–42 
cm. Matrix 256 x 256.  
Sagittal T2-weighted FSE & coronal T2-weighted 
FSE 

Slice thickness 8-10mm. Gap 1 mm. FOV 40–50 
cm. Matrix 256 x 256. 
MR imaging analysis: 

Conventional MRI evaluated for the following: 
 MR morphology of the lesion; either cystic, 

solid or mixed. 
 Lesion size & signal intensity. 
 Pattern of enhancement, if present. 
 Wall thickness, lesion regularity and its 

enhancement. 
 Presence of vegetations and septations, their 

enhancement pattern and their size. 
 Presence of intra-peritoneal fluid (ascites). 
 Presence of infiltrated pelvic or para-aortic 

lymph nodes. 
 Involvement of other pelvic organs. 
 Presence of peritoneal and omental deposits. 

 MRI Signal characteristics for benign 
lesions: 

 Cystic lesions show low intensity in T1W 
images and high intensity on T2W images. 

 Complex benign looking lesions: 
hyperintense signal on T1WI is considered either fat 
or blood. On fat suppressed images, drop of signal 
was noted with fat while hyperintense signal was still 
noted with blood. 

 Solid lesions with very low signal intensity 
in T2WI are characteristic of fibrous tumor (e.g. 
ovarian fibroma). 
 Malignant MRI criteria: 

 Presence of wall thickness more than 3mm. 
 Solid vegetations more than 10 mm. 
 Thick septa more than 3mm. 
 Areas of necrosis and breaking down. 
 Signs of tumor spread for staging: enlarged 

lymph nodes, intra-peritoneal fluid, peritoneal and 
omental deposit. 
Diffusion weighted magnetic resonance imaging 
analysis: 
 DWI was achieved in the axial plane prior to 
administration of contrast medium by using a single 
shot echo-planar imaging sequence. 

 With b values (0 &1000). TR/TE, 5000/70. 
Slice thickness 6 mm, Gap 1 mm, FOV 36 cm, Matrix 
128 x128. 
 Interpretation of DWI: 
 Qualitative analysis: 

Regarding the signal intensity: benign lesions were 
hypointense with a high signal in the corresponding 
ADC maps (facilitated diffusion), while malignant 
lesions were hyperintense with a low signal in the 
ADC maps (restricted diffusion). 
 Quantitative analysis: 

Regarding DWI, we generated the ADC map, 
and then we selected the ROI manually on the solid 
and the cystic component of the lesions, which was 
then automatically calculated on the workstation to 
get the mean ADC values. 
DCE-MR images were obtained immediately after 
manually injection of gadolinium, 0.1 mmol/kg of 
body weight (maximum, 20 ml), followed by injection 
of 20 ml normal saline flush. Scans were taken in 
0,30,60,90 and 120 sec from injection, sequentially. 
Finally, axial, sagittal and coronal T1W images were 
acquired. 

Analysis: 
Qualitative analysis of DCE-MRI: 

Analysis of dynamic data were accomplished at 
a workstation. The entire ovarian lesion was included 
in all dynamic run acquisitions at (0, 30, 60, 90, and 
120 second) after gadolinium injection. A region of 
interest (ROI) was drawn at the most enhancing area, 
thick enhanced wall and non enhanced wall of the 
lesion as well as at the myometrium and signal 
intensity (SI)–time curve was performed. 
Quantitative analysis of DCE- MRI: 

Maximum enhancement and time to peak were 
reported to know if there was early uptake (within the 
first 60 seconds) or not, and if maximum relative 
enhancement was more than 85% (with malignancy) 
or less. 
Statistics: 

Comparison of numerical variables between the 
study groups was done using Student t test for 
independent samples. Accuracy was determined by 
calculating sensitivity, specificity, positive predictive 
value, negative predictive value. Receiver operator 
characteristic (ROC) analysis was used to determine 
the optimum cut off value for the studied diagnostic 
markers. P values <0.05 was considered statistically 
significant. All statistical calculations were done using 
computer programs SPSS (Statistical Package for the 
Social Science; SPSS Inc., Chicago, IL, USA) version 
15 for Microsoft Windows. 

All data analysis of conventional MRI, DCE-
MRI & DWI with ADC map were correlated with 
surgery and histopathology. 
 
3. Results 

Thirty women patients with ovarian cystic 
masses were included in the study. All patients were 
prepared for ovarian cystic masses excision. Nineteen 
patients with benign ovarian masses (Figures1,2,4) 
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and 11 patients with malignant ovarian masses (Figure 
3). Patients age, Ca-125 level, cystic ROIs, solid 
ROIs, ADC values and histopathological diagnosis of 

benign and malignant cases were detailed in tables 
1&2 respectively. 

 
Table (1): Age, Ca-125, cystic ROIs, solid ROIs, mean ADC values and pathological types of benign cases. 

Patient 
No 

Mean 
age 

Mean 
Ca125 

Cystic 
ROIs 

Solid 
ROIs 

Mean ADC value ±SD Histo-pathological diagnosis 

2 33 15 4 - 1.42x10-3 ± 0.77 SD mm2/s Hemorrhagic cysts 
1 44 10 1 - 1.70x10-3 ± 0.78 SD mm2/s Simple cyst 
1 43 14 2 - 1.29x10-3 ± 0.67 SD mm2/s Dermoid cyst 
2 34 18 3 - 0.92x10-3 ± 0.37 SD mm2/s Endometriosis 
1 40 - 3 1 0.67x10-3 ± 0.55 SD mm2/s Tubo-ovarian abscess 
1 38 22 2 1 0.69x10-3± 0.42 SD mm2/s Mature teratoma 
1 37 48 3 1 1.37x10-3 ± 0.77 SD mm2/s Fibroadenoma 
1 52 8 1 1 1.37x10-3 ± 0.77 SD mm2/s Brenner tumor 
4 48 15 9 - 1.39x10-3 ± 0.77 SD mm2/s Serous cyst-adenomas 
5 50 38 15 1 1.40x10-3 ± 0.77 SD mm2/s Mucinous cyst-adenomas 

 
Table (2): Age, Ca-125, cystic ROIs, solid ROIs, mean ADC values and pathological types of malignant cases. 

Patient 
No 

Mean 
age 

Mean 
Ca125 

Cystic 
ROIs 

Solid 
ROIs 

Mean ADC value ±SD Histo-pathological diagnosis 

1 51 800 1 1 0.63x10-3 ± 0.27 SD mm2/s Fibrosarcoma 
1 48 700 1 1 0.56x10-3± 0.21 SD mm2/s Endometroid adenocarcinoma 
1 50 195 2 1 0.57x10-3± 0.21 SD mm2/s clear cell carcinoma 
2 52 190 7 4 0.58x10-3± 0.21 SD mm2/s Mucinous adenocarcinomas 
6 55 340 21 14 0.56x10-3± 0.21 SD mm2/s Serous cystadenocarcinomas 

 
We prescribed 101 lesion ROIs in all patients. 

Cystic ROIs were more common than solid ROIs (75 
cystic ROIs and 26 solid ROIs); 19 benign cases 
showed 5 solid and 43 cystic ROIs, whereas, 11 
malignant cases showed 21 solid and 32 cystic ROIs 
(Tables 1,2). In table (1) the common benign lesions 
were mucinous cystadenoma (5 cases) and serous 
cystadenoma (4 cases), however, the most common 
malignant lesion was serous cystadenocarcinoma (6 
cases) (Table 2). 

The dimensions of benign lesions ranged from 
2.8 to 12 cm (mean dimension was 6.45 ± 3.06) and 
malignant lesions dimensions ranged from 5.5 to 18 

cm (mean dimension was 10.55 ± 2.89 as shown in 
table (3). 
 
Table (3): Represents the various diameters of the 
lesions: 
Dimension Benign lesions Malignant lesions 
Minimum 2.8 cm 5.5cm 
Maximum 12 cm 18cm 

Mean 6.45 ± 3.06 10.55 ± 2.89 
The mean ADC value for benign lesions was (1.36 x 
10-3 ± 0.77 mm2/s), and for malignant lesions was 
(0.58x 10-3 ± 0.21 mm2/s) (table 4). The cutoff value 
of our results was 1.23 x 10-3 mm2/s. 

 
Table (4): Minimum, maximum ± SD and mean ADC values in benign and malignant ovarian lesions. 

 No of patients Minimum Maximum Std. deviation Mean 
Benign 19 0.5x10-3 mm2/s 2.6x10-3 mm2/s ± 0.77 1.36x10-3 mm2/s 

Malignant 11 0.3x10-3 mm2/s 0.9x10-3 mm2/s ± 0.21 0.58x10-3 mm2/s 
t. test = 8.770   p. value = 0.007 
 
Three borderline cases (one tubo-ovarian 

abscess, one endometrioma and one mature cystic 
teratoma) were included in our study, and were 
revealed a heterogeneous intermediate to high signal 
intensity on DWI with low ADC values (0.6, 0.9 and 
0.6 x 10-3 mm2/s), respectively. 

Three types of enhancement curves were resulted 
from DCE-MRI study. Seventeen cases revealed 

enhancement pattern in the form of slow rising curve 
(gradual enhancement with no definite peak), that 
confirmed a benignity of those lesions. Ten cases 
showed enhancement pattern of rapid steep rising 
curve (early enhancement of solid portions and 
delayed washout), that confirmed malignant nature of 
those lesions. 
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Our results showed that most DCE-MRI 
sequences had a significant higher mean values in 
malignant lesions than benign lesions (p-value<0. 
001). 

Regarding malignant lesions, time of initial peak 
of contrast uptake ranged from 55 to 100 seconds with 
an average 77 seconds. On the other side, benign 
lesions showed time of peak range from 58 to 230 
seconds with an average of 104 seconds. 

The three borderline cases (tubo-ovarian abscess, 
endometriosis and mature cystic teratoma) showed an 

initial enhancement followed by plateau curve in 
DCE-MRI. 

The total sensitivity, specificity, PPV, NPV, over 
all accuracy and p-value of conventional MRI, DCE-
MRI and DWI in characterization of ovarian cystic 
masses (detection of their malignancy), compared 
with histopathology, were summarized in table (5). 

Table (5) showed that DCE-MRI and DWI were 
more specific, sensitive and more accurate than 
conventional MRI alone. 

 
Table (5): Sensitivity, specificity, PPV, NPV, over all accuracy & p.value of conventional MRI, DCE-MRI and 
DWI in characterization of ovarian masses compared with histopathology. 

 Conv. MRI DCE-MRI DWI-MR 

Sensitivity 86% 88.9% 100% 

Specificity 82% 87% 87% 

PPV 73% 80% 82% 

NPV 92% 100% 100% 

Accuracy 84% 87.8% 92% 

P. value 0.625 0.911 0.016 

PPV (Positive predictive value).   NPV (Negative predictive value). 

 
A 

 
B 

 
C 

 
D 



 Journal of American Science 2017;13(1)           http://www.jofamericanscience.org 

 

97 

 
E  

F 
Figure-1(A-F): Simple right adenxal cvst in a 44 year-old women (a) Unenhanced T1-weighted axial 
image.(b) T2-weighted axial image show a cyst at right ovary demonstrates clear fluid signal 
intensity.(c) Diffusion-weighted (b=1000 sec/mm2) show that, the cyst demonstrate hypointense signal 
(arrows) (d) Corresponding ADC map shows that the cyst demonstrates high signal intensity with high 
ADC value= 1.7x10 -3 cm/s). (e,f) Graphs show the dynamic enhanced time-intensity curve for the 
selected ROI during the three-point dynamic run, shows slower and less intense enhancement than the 
myometrium suggesting benignity. 
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Figure-2(A-G): Complex haemorrhagic bilateral adenxal cysts in a 40 year-old woman (a) Unenhanced 
T1-weighted axial image. (b) T2-weighted axial image. (c) FAT-SAT T1-weight axial image show well 
circumscribed adenxal cysts at right and left ovaries, the left one shows predominantly hyperintense 
signal anteriorly, a findings suggesting blood which confirmed by non drop of signal at FAT-SAT 
image, and an area of low signal posteriorly as well as at right ovary and may represent debris, blood 
and serous fluid, (d) Diffusion-weighted (b=1000 sec/mm2) show low signal intensity. (e) 
Corresponding ADC map shows high signal intensity, suggesting a benign cysts. (f,g) graphs show 
dynamic enhanced curves. 
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Figure-3(A-G): Malignant high grade serous carcinoma in a 52 year-old postmenopausal woman (a&b) 
Axial T1 and T2-weighted images show bilocular adenxial cyst at left ovary with fluid signal intensity with 
irregular septum (c) Axial T1-weighted fat-suppressed dynamic image, obtained at 0 seconds post-contrast 
shows intense early peripheral and septal enhancement. ROIs are drawn over enhancing areas and adjacent 
myometrium (d) Graph shows the dynamic contrast-enhanced time-intensity curves, which indicate that wall 
and septum demonstrate greater and more, rapid early enhancement than myometrium (e) Diffusion-weighted 
(b=1000 sec/mm2) shows that enhanced periphery and septum demonstrates restricted diffusion with high 
signal intensity (arrows).(f,g) Corresponding ADC map shows that enhanced areas demonstrate low signal 
intensity. These criteria highly suggest malignancy. 
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Figure-4(A-F): Bilateral tubo-ovarian TB (a,b) Axial T1 and T2-WI show bilateral cystic masses (c) Axial T1-W 
fat-suppressed enhanced image show partial enhancement (d) (f) ADC map show low signal.(e,f) Dynamic curves 
demonstrate slow enhancement anf display high signal 

 
4. Discussion 

Ovarian carcinoma is the second gynecological 
cancer and the fifth common carcinoma in adult 
females [23]. Unfortunately, most patients were 

discovered late, and had a poor survival rates. Proper 
and early diagnosis of ovarian cancer can help in 
finding more available treatment options and lead to 
better prognosis [24]. Nowadays, most clinicians prefer 
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a noninvasive staging to decide a neo-adjuvant 
chemotherapy, if indicated, that permits downstaging 
before a surgical intervention [25]. 

In the present work, feasibility of applying multi-
parametric MRI for characterization of ovarian cystic 
masses was demonstrated, and we found many 
parameters based on DCE-MRI, diffusion imaging, 
and apparent diffusion coefficient values that were 
significantly associated with malignancy. Purely 
cystic ovarian masses are more likely to be benign. 

Conventional MRI can assess morphologic 
criteria of the lesion, such as wall thickening, intra-
luminal papilla, nodules, thick septa and signal 
intensity on T1W and T2W images, but none of these 
criteria reliably can differentiate benign from 
malignant lesions [26]. 

Development of a new MRI parameters to 
improve the diagnostic technology, screening of high 
risk patients and treatment monitoring motivates the 
investigation into functional and multi-parametric 
MRI [17]. 

Diffusion weighted imaging is one of the 
promising functional imaging techniques, and it is 
able to differentiate ovarian masses; benign or 
malignant [27]. 

DCE-MRI findings show early intense 
enhancement of malignant masses, consistent with 
many previous literatures [19-21], as ovarian malignant 
lesions have a high vascularity, compared with benign 
lesions. 

We had performed an individual analysis for 
conventional MRI, DCE-MR imaging and DWI with 
ADC map, regarding their diagnostic performance in 
the characterization of different cystic ovarian masses. 

We found that the sensitivity of conventional 
MRI on individual basis was slightly lower than DCE-
MRI. The specificity was higher for DCE (87%) 
compared to pre-contrast MRI sequences (82%), as 
well as the PPV, NPV and accuracy were higher for 
DCE-MRI (80%, 100% & 87.87% respectively), 
while that of conventional MRI were (73%, 92% & 
84% respectively), so addition of DCE to the MRI 
was expected to increase the specificity and the 
accuracy of examination. 

Sohaib et al., [16] and Nasr et al.,[31] stated that 
malignant lesions show more intense enhancement 
than benign lesions during the early phase of post-
contrast enhancement, rather than the late phase of 
enhancement, whereas benign tumors show slower 
sustained lower enhancement. 

In our results, DWI had shown 100% sensitivity 
in its individual performance during the assessment of 
the included ovarian lesions, the specificity was 
(87%), PPV was (82%), NPV was (100%) & accuracy 
was (92%), while conventional MRI showed a 

sensitivity (86%), specificity (82%), PPV (73%), NPV 
(92%) and accuracy (84%). 

In the quantitative assessment, the mean ADC 
values for malignant lesions was (0.58x 10-3 ± 0.21 
mm2/s), and for benign lesions was (1.36 x 10-3 ± 
0.77mm2/s). Our cutoff value was 1.23 x 10-3 mm2/s. 

Fujii et al., [28] & Kierans, et al., [29] showed that 
most malignant ovarian tumors as well as some of the 
cystic mature teratomas and endometriomas showed 
high signal intensity on DWI, whereas, most of the 
benign lesions did not. This agree with our results, 
whereas, all malignant lesions (11cases) and one case 
of mature cystic teratoma & one case endometrioma 
showed a high signal on DWI, this may be attributed 
to keratinized substance in mature cystic teratoma, 
and intra-cystic blood clots in endometrioma. 

In 2009, Thomassin et al.,[21] evaluated 
contribution of DWI in conjunction with 
morphological criteria to characterize 77 complex 
ovarian masses (30 benign and 47 malignant). 
According to them, low signal intensity on T2-
weighted images with loss of restricted diffusion 
signal in solid region of mixed adnexal masses may 
predict benignity. 

A similar study was carried out by Takeuchi et 
al., [30] and Nasr et al.,[31] who stated that the solid 
portions of a malignant masses showed homogenous 
or heterogeneous high signal intensity on DWI. The 
mean ADC value in malignant tumors was 1.03 x 10-3 
mm2/s, however, in benign tumors was 1.38 x 10-3 

mm2/s. Consequently, they concluded that low DWI 
signal intensity and high ADC value may suggest 
benignity. 

In the study of Li et al.,[24] and Kierans, et al., [29] 
the mean ADC value measured for the ovarian cystic 
region did not distinguish between benign and 
malignant lesions significantly. Unlike that measured 
for the solid region which significantly differentiate 
benign from malignant lesions. Mean ADC value for 
benign masses was 1.69 × 10−3 ± 0.25 mm2/s, and for 
the malignant masses was 1.03 × 10−3 ± 0.22 mm2/s. 
Their results suggested that an ADC value 
≥1.25 × 10−3 mm2/s may be an optimal cut-off value 
in differentiation between benign and malignant 
ovarian lesions. 

Also, Zhang et al.,[28], found that DWI is a useful 
parameter for differentiation between benign ovarian 
tumors with solid components and malignant ovarian 
tumors, with a high sensitivity and specificity. 

Zhao et al.,[33] and Musto et al., [34] found that the 
majority of malignant ovarian epithelial tumors were 
hyperintense on DWI, whereas most borderline 
epithelial ovarian tumors were hypointense or 
moderately intense. Mean ADC value of the solid 
component of borderline epithelial ovarian tumor 
(1.562± 0.346 x 10-3 mm2/s) was higher than 
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malignant epithelial ovarian tumor (0.841 ± 0.209 x 
10-3 mm2/s). 

Our study included 3 borderline lesions ( one 
tubo-ovarian abscess, one endometrioma and one 
mature cystic teratoma) of low malignant potential. 
These lesions showed a heterogeneous intermediate to 
high signal intensity on DWI and low ADC values of 
0.6, 0.9 & 0.6 x 10-3 mm2/s respectively. 

Conclusion: Multi-parametric quantitative MRI, 
increase the sensitivity, the specificity and over all 
accuracy for characterization of cystic ovarian masses 
and help in differentiating benign from malignant 
ovarian masses. So, we recommend the addition of 
DCE-MRI and DWI with ADC mapping to 
conventional MRI in assessment of ovarian cystic 
masses for accurate diagnosis and better management. 
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