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ABSTRACT 
 

Background: Characterization of ovarian masses is essentially required and inevitable for optimization of clinical 

decision making, patient care and management. The diagnosis of ovarian masses is a frequent dilemma in clinical 
work. Ultrasonography remains the modality of choice in the early investigation of suspected adnexal masses 
because of its availability and being a safe modality.  
Aim: To review the current literature on different patterns of manifestation of ovarian masses on ultrasound and its 

various modes, helping in differential diagnosis on the basis of morphologic, vascular and other characteristics as 
seen on ultrasound.  
Methods: Electronic database was searched (PubMed, Google Scholar, Science direct) with data ranging from 

year 2000 to 2021. Most relevant studies, relating to sonographic appearances of ovarian masses were selected. 
Results: Twenty five most relevant articles were found: 8 articles were regarding gray-scale ultrasound,  3 articles 

regarding three dimensional ultrasonography, 2 articles regarding contrast enhanced ultrasonography, 2 regarding 
elastography and rest were regarding combined use of gray-scale and Doppler ultrasound including color and 
power Doppler ultrasonography for the assessment of ovarian masses. Our results show that conventional 2D 
sonography, in conjunction with latest advancements helps improving the diagnosis based on typical sonographic 
appearances of masses. Screening for ovarian cancer also proves to be helpful for early diagnosis and 
improvement in survival rate. 
Conclusion: Ultrasonoraphy and its different modalities such as 3DUS, CEUS, elastography along with 

conventional 2D and Doppler studies accurately identifies morphologic, structural and vascular featuresof the 
adnexal masses and differential diagnosis by escapingunnecessary surgeries and improving the survival rate. 
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INTRODUCTION 
 

Ovarian cancer is the “fifth” most common cause of death 
among women due to cancer thus having the highest death 
rat1.  
Characterization of ovarian masses is essentially required 
and inevitable for optimization of clinical decision making, 
patient care and management. The identification of ovarian 
masses is a frequent predicament in gynecology clinics. It 
is the likelihood of malignancy that compels us for making 
reliable, proper and immediate diagnosis to decrease 
morbidity and mortality. Early detection of ovarian tumors 
remains crucial for improving patient survival rate. 

Of all gynecologic carcinoma, ovarian carcinoma is 
most difficult to diagnose clinically. Also, correctly 
classifying benign masses aids in selecting the patients 
with ovarian pathologies that may either not 
needintervention, or minimal access procedures can be 
done if necessary. This classification between non-
cancerous and malignant masses is necessary for reducing  

the anxiety of patient and for better clinical decision 
making. Ultrasonography continues to be the modality of 
choice for the primary investigation of suspected adnexal 
masses because of its availability. Other reasons being it 
relatively inexpensive and noninvasive. Transabdominal 
and/or, transvaginal ultrasound must be done for the 
assessment of ovarian masses2.  

These ovarian masses are evaluated on gray-scale 
as well as Doppler ultrasound. With the advent of newer 
technologies, three dimensional ultrasonography and 
contrast enhanced ultrasonography is also being employed 
for better diagnosis and outcomes. 
 

METHODOLOGY 
 

Electronic database was searched (PubMed, Google 
Scholar, Science direct) with data ranging from year 2000 
to 2021. A total of 25 relevant studies, relating to 
sonographic appearances of ovarian masses were 
selected.
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RESULTS 
 

The most common features in benign masses, according to 
transabdominal and transvaginal ultrasonography with fixed 
Doppler indices and parameters in 60 patients, has cystic 
components (90%), well defined margins (84.4%) and thin 
septations (53.57%). In comparison, malignant masses had 
predominantly solid consistency (76%) with ill-defined 
margins (66.66%), thick septations and papillary 
projections (90.90%). On color Doppler, neovascularization 
was found in 92.59% and 42.25% of malignant and benign 
tumors, respectively. Central vascularity was found in 
76.47% of malignant solid tumors while benign solid tumors 
had 25% central vascularity. 88% of malignant lesions had 
mean systolic velocity of greater than 15 cm/s in 
comparison to 14% of benign masses. Most benign 
masses had Resistive index >0.6, while most malignant 
tumors had an RI of <0.6. (3). These Sonographic findings 
were associated with histopathology to confirm the 
diagnosis.  

Ultrasound, whether transabdominal or transvaginal, 
depends on morphology of the tumor to differentiate it as 
either benign or malignant. Morphologic features such as 
“thick, irregular walls and septa, papillary projections, and 
solid, moderately echogenic loculi” are demonstrated as 
indicative of malignancy. Many morphologic scoring 
classifications have been recommended which are based 

on certain features of lesions such as: “wall thickness, inner 
wall structure, septal characteristics, and echogenicity”3. 
Valentin et.al picked five simple rules for the prediction of 
malignancy (M‐ rules): “1- irregular solid tumor; 2- ascites; 

3- at least four papillary structures; 4- irregular multilocular–
solid tumor with a largest diameter of at least 100 mm; and 
5- very high color content on color Doppler examination. 
Five simple rules were taken to characterize benign tumor 
(B‐ rules): 1- unilocular cyst; 2- presence of solid 

components where the largest solid component is < 7 mm 
in largest diameter; 3- acoustic shadows; 4- smooth 
multilocular tumor < 100 mm in largest diameter; and 5- no 
detectable blood flow on Doppler examination”4  These ten 
rules were apt for 76% of all 1233 adnexal masses in 1066 
patients, resulting in a sensitivity and specificity of 93% and 
90%, respectively. 903 masses (73%) were found to be 
benign and 330 (27%) were malignant. If these rules are 
not sufficient, ultrasonography with histological correlation 
and experienced sonologist is suggested4. 
  In 2009, “GI-RADS (Gynecology Imaging Reporting 
and Data System)” was introduced, which employs “pattern 
recognition analysis” for evaluation of adnexal masses. 
Findings are classified into 5 graded categories. “Grade 1 
masses are considered to be definitely benign, whereas 
grade 5 masses are considered to be very probably 
malignant (51). Masses in grades 2–4 are categorized as 
very probably benign, probably benign, and probably 
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malignant, respectively”. Grade 4 and 5 include malignant 
features such as “thick septations, papillary projections, 
solid parts or ascites with vascularization in solid area or 
central area of a solid mass” on color or power Doppler 
USG5.  The sensitivity of GIRADS system in predicting 
malignancy was 99.1% and specificity was 85.9%6. 

Latest practice of “microbubble contrast agents” made 
possible the sonographic representation of “tumor 
neovascularity” in ovarian tumors. Multiple studies7,8,9  have 
proved that ovarian malignancy of initial stages can be 
differentiated from benign masses according to the 
enhancement patterns. Generally, “malignant ovarian 
masses have greater peak enhancement, longer wash-out 
time, and increased vascular volume than benign masses”. 

A comparative study was performed by Juan et.al to 
compare the 2D and 3D power Doppler imaging for ovarian 
cancer detection in 60 patients with 69 complex adnexal 
masses. Complex adnexal mass were found to have at 
least one of the features of malignancy such as solid areas, 
thick septa and papillary projection or solid echogenicity. 
Out of 69 masses, 45(65.2%) were found to be malignant 
and rest were benign. Diagnostic accuracy in terms of 
sensitivity and specificity of 2D and 3D power Doppler were 
found to be almost similar for the distinction of benign from 
malignant masses10. 

Stefano Guerriero et.al performed a prospective study 
in 1997 women with 2148 adnexal masses on transvaginal 
gray-scale, color and power Doppler ultrasonography. 
Cystic masses without benign echotexture were labelled as 
malignant. Malignant masses were categorized on the 
basis of flow shown on Doppler. Any solid portions of the 
mass was assessed with the help of color and power 
Doppler sonography. Masses were categorized as 
malignant if “flow was shown within the tumor or the solid 
areas” and benign if “there was no flow or if flow was only 
found in periphery”. 468 masses were found to be 
malignant. Evaluating the vessel distribution in masses with 
color Doppler in conjunction with gray-scale 
ultrasonography increases the diagnostic precision of 
ultrasonography in adnexal masses distinction11. 

Resistive index (RI) validity was evaluated by Hamid 
et.al in 37 women on transabdominal and transvaginal 
ultrasonography. Ovarian masses were classified as 
benign or malignant according to their morphologic features 
on sonography. A threshold RI of 0.4 was used to 
differentiate benign from malignant masses. The results 
were similar to some other studies12  which show a 
sensitivity of 26-37% when a threshold RI of 0.4 or less is 
used. These articles13 emphasize that some benign lesion 
such as endometriomas may show low resistant flow, which 
is particularly suggestive of malignant masses. Likewise, 
few malignant tumors show high-resistance flow.  Resistive 
index evaluation can improve specificity for the assessment 
of possible malignant masses but a total reliance on RI is 
potentially misleading14. 

US ‘scoring systems’ were suggested by some 
authors for detection of ovarian masses using various 
sonographic parameters. One of the first score system was 
proposed by Sassone et al. in 199115. 

A latest technique called ‘pattern recognition’16  was 
presented to categorize different types of ovarian 
neoplasms. According to this method, tumor detection is 

based on their characteristic morphologic sonographic 
appearance. These characteristics includes “volume, 
localization, associated features as ascites, internal 
structure (wall, inner contour/papillary projections, septa, 
and solid areas), echogenicity and the presence of shadow 
and/or Crescent sign”.  

In 2010, a study17 a comparative study between 
conventional gray-scale and color Doppler ultrasonography 
was done. Malignant masses were identified when flow 
was present at the level of vegetation or solid areas were 
present. Masses were classified as benign if there was no 
flow or at periphery. Gray-scale diagnosis of such tumors 
alone is found to be less accurate than using grayscale 
with color Doppler with a specificity of 84% in comparison 
of 94% and relatively comparable sensitivity (95 vs 98%)17. 

In recent years, “International Ovarian Tumor Analysis 
(IOTA)” group introduced standardized expressions, 
descriptions and measurements depicting adnexal 
masses18. In IOTA, “masses were classified into five 
categories: unilocular cyst, unilocular solid cyst (a 
unilocular cyst containing at least one solid part possibly a 
papillary projection that protrude the cavity with height of ≥ 
3mm), multilocular cyst, multilocular-solid cyst (a 
multilocular cyst containing minimum of one solid part) and 
solid cyst (that contains at least 80% solid tissue)”. The 
cystic masses were classified as: “anechoic (black), low-
level echogenicity, and ground glass appearance (as often 
seen in endometriotic cysts), (4) hemorrhagic and (5) mixed 
(often seen in teratomas)”. The degree of vascularization 
was evaluated with a scoring from 1 to 4. Color score “1 is 
given when no blood flow can be seen in the lesion, color 
score two if minimal flow can be detected, color score three 
is assigned when moderate blood flow exists and color 
score four for marked blood flow”. 

IOTA has also suggested many predictive models for 
ovarian masses, including ‘Simple rules’ SR which is a 
descriptive model that contains “five sonographic 
characteristics for malignant masses (M-rules) and five SR 
to predict a benign tumor (B-rules)”. If one or more M-rules 
with no B-rules is present, the mass is classified as 
“malignant”. If at least one B-rule apply with no M-rule, the 
mass is referred to as “benign”. In cases of both B and M-
rules simultaneously or no rule, other models of 
classification are used instead of SR19. 

Another advancement, 3D ultrasonography enables 
the acquisition of 3D volumes20,21   that can be saved and 
reconstructed electronically and displayed as multiplanar 
using specialized software’s. It simultaneously allows three 
orthogonal planes and navigation through them (axial, 
longitudinal and coronal).There are three main modalities 
using 3D-US: the ‘inversion’ mode that shows the shape of 
the cystic cavity, making the fluid filled structure appear as 
‘white’, surface rendering for 3D reconstruction and 
tomographic imaging of vessels similar to Computed 
Tomography (CT). Volume calculation is also possible in 
asymmetrical or irregular structures.“3D power Doppler 
angiography” evaluates the vascularity of organs with the 
help of reconstruction and software’s which calculates 
indices derived from power Doppler22. The routine indices 
are the “vascularization index (VI), flow index (FI), and the 
vascularization-flow index (VFI)”. The VI “measures the 
ratio between the number of color voxels and total number 
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of voxels as well as amount of vessels”. The FI represents 
“average color value of all color voxels and it shows the 
intensity of flow within those vessels while VFI shows both 
blood flow and vascularization and it is a derived parameter 
from VI and FI”. 

Another advancement, transvaginal elastography also 
proves to be of potential role in distinguishing between 
benign and malignant ovarian masses of cystic nature. The 
elasticity colour code of ovarian lesions was classified in 5 
patterns: “pattern 1, an absent or a very small hard area; 
pattern 2, hard area <45 per cent; pattern 3, hard area >45 
percent; pattern 4, peripheral hard and central soft areas; 
pattern 5, hard area occupying entire solid component with 
or without soft rim”. Strain index was calculated by 
comparing surround soft tissue area to solid component. 
Masses with pattern 3-5 were considered malignant. 
Among 15 lesions, 3 masses with pattern 3-5 were 
considered malignant, which later proved to be true when 
correlated with histopathology23. 
 

DISCUSSION 
 

Morphologic evaluation of ovarian masses has become 
clinically important for the prediction of malignancy. From 
the review of literature, it is observed that on conventional 
two dimensional sonographic evaluation of masses, 
malignant masses for shown to have certain features such 
as irregular borders, thick septations and internal echoes. 
But unfortunately, some of the benign lesions also happens 
to possess similar characteristics which renders the 
usability of conventional ultrasonography very limited. Color 
Doppler technique, which was introduced in early 1990 
provided some additional information regarding tumor 
neovascularization and blood flow measurements. Several 
indexes were developed regarding flow measurements 
which were found to be encouraging initially as some 
studies(24)(25) (26)showed that complete reliance on such 
measurements for making a diagnosis is not clinically 
applicable. Later, some studies with multivariate analysis of 
sonographic and Doppler parameters proved that a 
combination of different modes which gives morphologic as 
well as blood flow measurements together are more 
reliable in prediction of ovarian malignancy27,28 . With the 
advent of newer techniques such as three dimensional 
sonography, power Doppler, three dimensional power 
Doppler and Elastography proved to be of great clinical 
value in prediction of the type of lesions. Currently, 
diagnosis are being made following the guidelines of IOTA, 
GIRADS and other predictive models, with different scoring 
systems providing significant improvement in diagnosis 
over the years.  

Some multicenter trials have also been done to 
assess the diagnostic capability of ultrasound in screening 
for ovarian cancers. One of such trials is the randomized 
controlled “UK Collaborative Trial of Ovarian Cancer 
Screening published in Lancet Oncology in 2009”29. The 
total patients involved in this 5 years long study were 
(n=202638) and about 25% of which had annual 
sonographic assessment. Results indicated that US has 
significant specificity with even better results found 
associated with CA-125.One more significant study by van 
Nagell et al. in 201130 was done to consider the outcome of 

sonographic screening for the detection of ovarian cancer. 
In this study (from 1987 to 2011 about 38,000 women had 
sonographic screening done. “62 tumors were found and 
the 5-year survival rate was 75 % compared with 54% for 
unscreened women”. It revealed that screening of 
asymptomatic females’ makes early detection of ovarian 
cancer possible thus improving the survival rates.A pilot 
study which was done in the “Kentucky Ovarian Cancer 
Screening Program” involving about 40,000 women31 

presented that initially complex appearing abnormalities 
were found to be resolved on follow up scans. It is 
significant because some complex lesions are short-lived 
and may resolve with follow-up examination. Such 
diagnosis can easily distinguish malignant cancers from 
benign tumors32. 
 

CONCLUSION 
 

In the last years, a significant advancement in the world of 
ultrasonography has been noticed in the detection and 
description of ovarian masses. Today, ultrasonography and 
its different modalities such as 3DUS, CEUS, Elastography 
along with conventional 2D and Doppler studies identifies 
morphologic, physical and certain other characteristics 
which maybe of vascular nature, of the adnexal masses by 
avoiding needless surgical procedures and  thus improving 
the survival rate. These characteristics could be helpful for 
teaching purposes, especially for sonographers and 
sonologists with limited experience for better diagnostic 
accuracy. The results from previous studies were found to 
be reproducible for better clinical decision making. 
Ultrasonography is also being employed for screening 
purposes of ovarian cancer, serial approach was found to 
be very supportive as some complex pathologies are 
transient and clear up with follow up examinations. 
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Figure 1: Power Doppler Ultrasound showing three dimensional 
reconstruction of vascular bed of an ovarian mass21. 
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Figure 2: Ultrasound tomography imageof an ovarian malignant 
tumour21. 

 
 
Figure 3: Elastography image of an ovarian cyst coded type 5 color 
pattern with nodular components,later proved to be clear cell 
carcinoma with histopathologic correlation24.  
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