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Abstract

Background: The international ovarian tumor analysis (IOTA) study technique is a specialized method for classifying and identifying 
adnexal growths. It employs 10 simple ultrasound directions to characterize masses as benign or malignant.
Objectives: This study aims to provide pre-operative information to help gynecologists manage ovarian masses, avoiding delays in 
malignancy treatment and unnecessary surgery for benign lesions.
Methods: This was a hospital-based observational study conducted in the radiology department on patients with clinical diagnoses of 
ovarian masses from August 2020 to March 2022 by prospective randomized sampling method.  Patients with suspected ovarian pathology 
were evaluated using IOTA ultrasound rules and designated benign or malignant. The patients underwent a thorough history and clinical 
examination. Ultrasound was used to confirm the ovarian origin of the mass and differentiate it as benign or malignant. A transvaginal 
ultrasound was performed where necessary. Histopathological examination was the gold standard to confirm ultrasound and Doppler 
findings. Descriptive stats: Frequencies/percentages for categorical data, mean ± SD for normal, median with IQR for non-normal. 
Uncertainty measured by 95% CI.
Results: During the study, 50 women were eligible for the study, and the mean age of the participants was 45.3 years. Of 50 patients who 
underwent surgery, 38 cases were considered benign based on IOTA USG rules, of which 35 were benign and 3 were malignant histologically. 
Eight cases were considered malignant based on IOTA USG rules, of which 6 were malignant and 2 were benign. Four cases were considered 
indeterminate, with two being benign and two being malignant histologically. If inconclusive cases are classified as malignant, the 
sensitivity and specificity are 75% and 88%, respectively.
Conclusions: USG is an easily available imaging tool that can be used as an initial modality in evaluating ovarian masses. IOTA simple 
ultrasound rules have diagnostic accuracy in distinguishing benign and malignant ovarian masses and help in management.
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1. Background
In the present era, when medical science is booming 

with all the technological advances, Ovarian carcinoma 
is still a global problem affecting millions of women and 
their families.

The frequency of ovarian cancer has grown in recent 
years. Ovarian cancer accounts for 3.6% of all cancer cases, 
with a 4.3% death rate. According to the American Cancer 
Society and “The National Cancer Institute,” 14,270 wom-
en will die from ovarian cancer-related complications 
yearly, with an estimated 21,980 new cases of the disease 
being discovered yearly (1).

Ultrasonograms are the first imaging modality for ad-
nexal mass lesions. The largest study on ultrasonography 
diagnosis of ovarian pathology is the international ovar-
ian tumor analysis IOTA trial. The IOTA acronym refers 
to the International Ovarian Tumor Analysis Group. The 
IOTA models significantly outperform subjective assess-
ments regarding impartiality, simplicity, and application 
(2). They offer clear guidance for achieving a precise pre-
surgical diagnosis. Numerous international and external 
validation investigations have supported the reliability 
and correctness of the IOTA Simple Rules and the IOTA 
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logistic regression models (3).
The IOTA group established a systematic method for 

categorizing adnexal masses before surgery. The study’s 
10 basic ultrasonography principles, which showed ex-
cellent sensitivity and specificity and were applied to a 
wide range of malignancies, were a notable strength (4). 
The mass is categorized as malignant or benign depend-
ing on whether one or more M-rules are used in the ab-
sence of a B-rule or one or more B-rules in the absence of 
an M-rule. The mass was classified as inconclusive if both 
M-rules and B-rules apply or if neither rule applies (5-14).

The tumors on the ovaries might be benign or malig-
nant. Simple, functional cysts, serous cystadenomas, 
mucinous cystadenomas, endometriotic cysts, fibromas, 
thecomas, and Brenner tumors are all benign lesions. 
Serous cystadenocarcinoma, mucinous cystadenocarci-
noma, endometriotic carcinoma, immature teratoma, 
dysgerminoma, and Krukenberg’s tumor are malignant 
lesions. Diverse age groups have different causes of ad-
nexal mass lesions (15).

Ultrasound has the advantage of portability, uses non-
ionizing radiation, and is easily available. With the advan-
tages of ultrasound and IOTA study, it is to characterize 
ovarian masses into benign and malignant. Characteriz-
ing the lesion, whether benign or malignant, is crucial in 
early management and prevents delay in treatment.

2. Objectives
This study aims to provide a pre-operative evaluation of 

ovarian tumors and to distinguish them into benign and 
malignant tumors based on simple ultrasound rules and 
correlate with HPE and help the gynecologist in planning 
the management of ovarian masses (16). It helps to avoid 
unnecessary biopsies and surgeries in benign lesions and 
to optimize surgical outcomes in malignant lesions. IOTA 
rules are used preoperatively to decrease ambiguity, in-
crease correct diagnosis, and optimize patient manage-
ment (17-20).

3. Methods
This study was conducted in the Department of Radio 

Diagnosis over 18 months (AUGUST 2020 to MARCH 2022). 

Informed written consent of participating individuals 
will be taken. All the information is collected prospec-
tively, including demographic characteristics and time of 
onset of symptoms. The patients are clinically evaluated 
initially by a gynecologist. Data will be collected from at 
least 50 cases of suspected or accidentally detected ovar-
ian lesions referred for USG. Data will be collected using 
SAMSUNG RS80A ULTRASOUND MACHINE. After informed 
consent, the patient is examined supine with a full blad-
der with a transabdominal ultrasound probe. A transvag-
inal probe is used wherever necessary. Data will also be 
collected. The lesion will be characterized based on size, 
shape, echotexture, septations, papillary projections, 
solid components, margins, and color Doppler findings. 
IOTA simple rules are applied to characterize the lesion 
into benign and malignant. Descriptive statistics were 
calculated for each variable, using frequencies and per-
centages for categorical variables, mean ± standard de-
viation (SD) for normally distributed data, or median and 
interquartile range (IQR) for non-normally distributed 
data. The 95% confidence interval (95% CI) was adopted as 
a measure of uncertainty around an estimate.

The statistical program BM SPSS Statistics for Windows, 
version 22.0 (IBM Corp., Armonk, NY, USA) was used. De-
scriptive statistics on frequencies and percentages (%) for 
qualitative variables. Categorical variables are expressed 
as Number of patients and percentage of patients. The 
chi-square test was used to test the significance of cat-
egorical variables, and P < 0.05 is considered the signifi-
cance level.

4. Results
In the present study, a total of 50 subjects were included 

in the study. Ovarian lesions were common between the 
age group 26 - 40 years (n = 22, 44%), as shown in Table 
1. A total of 36 cases are verified histologically. Twenty-six 
cases were considered benign based on IOTA USG rules, of 
which 23 turned out benign, and 3 became malignant his-
tologically. Eight cases were considered malignant based 
on IOTA USG rules, out of which 6 turned out to be ma-
lignant, and 2 turned out to be benign. Four cases were 
considered indeterminate, of which 2 were benign and 2 
were malignant histologically.

Table 1. Age Distribution of Ovarian Masses

Age, y Cases, No. (%)

15 - 25 7 (14)

26 - 40 22 (44)

41 - 55 12 (24)

56 - 70 9 (18)

Total 50 (100)

Table 2 showed that the unilateral lesions (n = 43, 86%) were the most common than the Bilateral lesion in the 
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current investigation.

Table 2. Laterality of Ovarian Masses

Laterality Cases, No. (%)

Unilateral 43 (86)

Bilateral 7 (14)

Total 50 (100)

In the present study, Table 3 showed the most common 
benign lesions, accounting for 76% (n = 38) (Table 3).

Table 3. Type of Pathology of Ovarian Masses Based on IOTA Rule

Type of Pathology Cases, No. (%)

Benign 38 (76)

Malignant 8 (16)

Indeterminate 4 (8)

Total 50 (100)

In the present study, serous cystadenomas are the most 
common benign lesions (n = 16, 32%), followed by Simple 

ovarian cysts (n = 16, 32%) and Hemorrhagic cysts (n = 12, 
24%) (Table 4).

Table 4. Distribution of Benign Ovarian Pathologies

Pathology Cases, No. (%)

Simple ovarian cyst 16 (32)

Hemorrhagic cyst 12 (24)

Endometriotic cyst 8 (16)

Serous cystadenoma 32 (64)

Mucinous cystadenoma 8 (16)

Dermoid 4 (8)

Serous Cystadenocarcinoma is the most common ma-
lignant ovarian pathology at 100% (n = 8), followed by Mu-
cinous cystadenocarcinoma and metastasis, i.e. 50% (n = 

4). However, Germ cell tumors and Dysgerminoma were 
observed to be the least, i.e., 25% (n = 2) (Table 5).

Table 5. Distribution of Malignant Ovarian Pathologies

Pathology Cases, No. (%)

Serous cystadenocarcinoma 8 (100)

Mucinous cystadenocarcinoma 4 (50)

Metastasis 4 (50)

Germ cell tumor 2 (25)

Dysgerminoma 2 (25)

Figure 1 shows that the unilocular ovarian masses are 
the most common ovarian pathology, i.e., 66% (n = 33).
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Figure 1. Composition of ovarian masses

Septations were seen in 11 cases, 22%. Solid components were seen in 5 cases, 10%. Among the B features, the B5 feature is 
the most common (n = 32, 64%), i.e., color score 0 (no blood flow), followed by the B1 feature (n = 30, 60%), i.e., Unilocular 
cyst < 10 cm (Table 6).

Table 6. Presence of Septations and Solid in Ovarian Masses

Variables Cases, No. (%)

Septations

Present 11 (22)

Absent 39 (78)

Solid Component

Present 5 (10)

Absent 45 (90)

According to Table 7, among the M features, the M4 fea-
ture is the most common (n = 5, 10%), i.e., irregular mul-

tilocular solid ovarian lesions, followed by the M1 feature 
(n = 4, 8%), i.e., irregular solid tumor.

Table 7. B and M Features in Ovarian Masses

B Features No. (%) M Features No. (%)

B1 30 (60) M1 4 (8)

B2 1 (2) M2 2 (4)

B3 1 (2) M3 2 (4)

B4 6 (12) M4 5 (10)

B5 32 (64) M5 0 (0)

The result also showed necrosis, solid components, and 
calcification on USG to be featured, suggesting malig-
nant lesions (Table 8).
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Table 8. Additional Features in Ovarian Masses

Additional Findings No. (%)

Calcification 1 (2)

Fat fluid level 1 (2)

Ascites 5 (10)

In the present study, Figure 2 presented the B5 feature 
as the most common (n = 32, 64%), i.e., color score 0 (no 

blood flow), followed by the B1 feature (n = 30, 60%), i.e., 
Unilocular cyst < 10 cm.

Figure 2. Colour score of ovarian masses on Doppler

When compared with a histopathological diagnosis, 
there were 3 discordant cases in the Study. Two mucinous 
cystadenocarcinomas were diagnosed as benign masses 

(Mucinous cystadenoma) using IOTA USG simple rules as 
stated in Table 9.

Table 9. Comparison of IOTA Simple Rules with HPE Diagnosis

Nature of Mass as APER IOTA Rules No. of Cases HPE-Benign HPE-Malignant

Benign 38 35 3

Malignant 8 2 6

Indeterminate 4 2 2

Total 50 39 11

In the present investigation, using USG, the benign 
ovarian masses were compared with malignant ovarian 
masses. Benign ovarian masses showed higher predomi-

nance towards sensitivity and positive prediction values, 
i.e., 92.10% and 89.70%, as shown in Table 10.

Table 10. The Sensitivity/Specificity Statistical Results of Benign and Malignant Ovarian Masses

Statistics USG in Benign Ovarian Masses, % USG in Malignant Ovarian Masses, %

Sensitivity 92.10 75

Specificity 66.66 88

Positive predictive value 89.70 54

Negative predictive value 72.70 94
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5. Discussion
Ovarian cancer is one of the leading causes of death in 

female patients. Presentation varies from asymptomatic 
to distant metastasis. Ultrasound, being widely used and 
easily available, can be used as the first modality in evalu-
ating ovarian masses. There are specific imaging features 
(3, 21) of some ovarian pathologies that are characteris-
tic of that particular lesion, which makes the diagnosis 
easy, like in the case of Hemorrhagic cysts, Endometriotic 
cysts, and dermis. The present study aims to distinguish 
benign and malignant ovarian masses in early manage-
ment, decrease ambiguity, and avoid unnecessary sur-
gery in benign lesions. HPE is used as a gold standard tool 
to compare the results. In the present study, ovarian le-
sions were found to be most common between the age 
group of 26 - 40 of life (n = 22, 44%).

In the present study, the most common age group with 
ovarian masses was between the age group of 26-40 (n 
= 22, 44%), which is comparable to the study by Garg et 
al. (n = 24, 48%). The next most common age group with 
ovarian masses was between the age group of 41-55 (n = 
12, 24%), whereas Garg et al. found the next most common 
group between the age group of 56 - 70 (n = 13, 26%) (22).

In the present study, the most common lesions were 
benign, accounting for 76% (n = 38), concordant with the 
study by Garg et al.(22) In the present study, serous cyst-
adenomas are the most common benign lesions (n = 16, 
32%). Serous Cystadenocarcinoma is the most common 
malignant ovarian pathology (n = 4, 8%).

4.1. USG Characteristics
Unilocular ovarian masses are the most common ovar-

ian pathology (n = 33, 66%). Well-defined lesions are the 
most common (n =42, 84%). Septations were seen in 11 
cases, 22%. Solid components were seen in 5 cases, 10%. 
Among the B features, the B5 feature is the most common 
(n = 32, 64%), i.e., color score 0 (no blood flow), followed 
by the B1 feature (n = 30, 60%), i.e., Unilocular cyst < 10cm, 
which is concordant with the study done by Garg et al. 
(22) Among the M features, the M4 feature is the most 
common (n = 5, 10%), i.e., irregular multilocular solid 
ovarian lesions, followed by the M1 feature (n = 4, 8%), 
i.e., the irregular solid tumor, which is discordant with 
the study done by Garg et al. (22) which showed M1, M2, 
M3 Showing equal prevalence followed by M5. The dis-
cordance is due to the inclusion of infective and adnexal 
pathologies. In the present study, color score 1 is the most 
common (n = 38, 76%), i.e., no blood flow. Overall, most of 
the pathologies were benign (76%), well-defined (84%), 
unilateral (86%), and unilocular (66%).

4.2. USG and HPE Diagnosis
A total of 36 cases were verified histologically. Twenty-six 

cases were considered benign based on IOTA USG rules, of 
which 23 turned out benign, and 3 became malignant his-

tologically. Eight cases were considered malignant based 
on IOTA USG rules, out of which 6 turned out to be malig-
nant, and 2 turned out to be benign. Four cases were con-
sidered indeterminate, out of which 2 cases were benign 
and 2 were malignant histologically.

A total of 8 cases were simple ovarian cysts, and 6 cases 
were hemorrhagic cysts for which histopathological ex-
amination was not done. Based on specific features (3, 21), 
IOTA USG RULES and follow-up were confirmed benign.

5.1. Limitation
The present study has a small sample size. 

5.2. Conclusions
USG is an easily available imaging tool that can be used 

as an initial modality in evaluating ovarian masses. IOTA 
simple ultrasound rules have diagnostic accuracy in dis-
tinguishing benign and malignant ovarian masses and 
help in management.
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