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Aim: Early and correct diagnosis of ovarian masses has great impact on the ultimate 
survival. The present study was done to know the role of color Doppler studies 
in characterization of ovarian masses and to evaluate its efficacy in diagnosis 
and differentiation of these neoplasms when used along with grayscale (B‑mode) 
ultrasonography (USG). Materials and Methods: Over 2 years, in total, 
98 patients with adnexal masses were examined, of which only 60 patients 
who had ovarian masses and were satisfying inclusion criteria were evaluated 
sonographically. Grayscale transabdominal and transvaginal sonography was 
followed by color Doppler with fixed parameters and indices. The results 
differentiated on sonographic and color Doppler examination were compared with 
the final diagnosis, based on histopathological examination. Results: Sensitivity, 
specificity, positive predictive value (PPV), and negative predictive value (NPV) 
of grayscale ultrasound in detecting malignancy in ovarian masses in the current 
study were calculated to be 51.85%, 75.75%, 63.63%, and 65.78%, respectively. 
By combining grayscale and color flow finding, the current study was able to 
differentiate malignant tumors from benign tumors with a sensitivity of 81.48%, 
specificity of 93.93%, PPV of 91%, and NPV of 86.11%. Conclusion: The present 
study demonstrates a significant increase in the sensitivity, specificity, PPV, 
and NPV in establishing the preoperative diagnosis of ovarian masses in terms 
of benign and malignant nature, when color and spectral Doppler was used in 
combination with USG as compared to grayscale (B‑mode) USG alone.
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early detection, differentiation, and determination of any 
adnexal mass are of immense importance.

The early diagnosis of cancer could be made possible 
if neoangiogenesis is regarded as a neoplastic marker 
for a tumor. This is based on “Folkman’s theory of 
neovascularization,” according to which tumor cells 
elaborate tumor angiogenesis factor that promotes 
neovascularization, and therefore, by knowing the blood 
flow characteristics, one can predict whether the tumor 
is benign or malignant.[5] Consequently, this knowledge 
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Introduction

G lobally, ovarian cancer is the seventh most common 
cancer in women and the eighth most common 

cause of cancer death.[1] In India, a steady increase has 
been observed in the incidence of the ovarian cancer in 
several registries and has emerged as the third/fourth 
most common cancers among females, but the leading 
cause of death from any gynecological malignancy.[2] It 
is even three times more lethal than breast cancer.[3] This 
high mortality with ovarian cancer lies with the fact 
that, most of the time, they present at advanced stage 
as the disease has no specific symptoms. According to 
the studies, if these are detected at earlier stage when 
they are localized to the ovary, >90% of such patients 
would have a survival longer than 5 years.[4] Hence, an 
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of tumor blood circulation with the help of Color 
Doppler studies in addition to conventional grayscale 
ultrasonography (USG) has provided new dimensions 
in characterization and differentiation of ovarian tumors 
and early diagnosis of malignancy.[6‑10] In such scenario, 
the present study has been done to explore the efficacy 
of color Doppler study in addition to grayscale USG in 
differentiation of such masses.

Materials and Methods
The present prospective study, conducted at a tertiary 
care institute of Eastern India over a period of 2 years, 
was carried out on patients who came for the diagnostic 
evaluation of a clinically suspected or palpable adnexal 
mass with symptoms suggestive of ovarian tumor such 
as pain, irregular cycles, and fullness of abdomen or 
incidentally detected ovarian mass.

Before enrolment, informed consent was taken 
from each patient. Under a fixed protocol, each 
patient had undergone a detailed history and clinical 
examination followed by USG, color Doppler, and 
USG‑guided fine‑needle aspiration cytology (FNAC). 
Histopathological diagnosis obtained following surgery 
considered as gold standard. The results of USG, color 
Doppler, and USG‑guided FNAC were compared with 
the histopathological diagnosis and with each other.

Grayscale USG and color Doppler sonography were 
carried out with a real‑time ultrasound and Doppler 
scanner unit (LOGIQ 500 Version 4.10, GE medical 
system). Transabdominal sonography (TAS) of the pelvis 
and upper abdomen was done with a 3.5‑MHz curved 
transducer in the supine position, and transvaginal 
examination with a wideband 5–9 MHz intracavitary 
transducer in dorsal position with an empty bladder. 
Evaluation was limited to TAS of the pelvis in three 
virginal patients and 15 other patients who refused 
transvaginal sonography. Color Doppler parameters were 
standardized, and for all the patients, the same presets 
were used for acquisition. Color Doppler study was done 
at high‑sensitivity settings and lowest pulse repetition 
frequency possible, without aliasing. The vessels 
detected on color Doppler studies were evaluated further 
with spectral Doppler imaging. When present, internal 
vessels were evaluated in preference to peripheral 
vessels. Pulsatility index (PI) and resistance index (RI) 
were calculated, and the lowest values were recorded 
when a reproducible series of waveforms was obtained. 
The masses were classified as suggestive of malignancy 
when the lowest calculated PI was <1.0 or lowest RI 
was <0.4, as described by Kurjak et al.[10] These indices 
later correlated with histopathological reports. The 
sensitivity, specificity, positive predictive value (PPV), 

and negative predictive value (NPV) of grayscale USG 
alone and with color Doppler were calculated, and the 
efficacy of color Doppler study was adjudged using 
Chi‑square test.

All patients with adnexal masses of an extraovarian 
origin, determined during any stage of diagnosis or 
having unilocular anechoic ovarian cyst that resolved or 
reduced substantially in follow‑up USG, were excluded 
from the study. Apart from these, any patients who 
did not complete the protocol of the study or lost to 
follow‑up were not considered for the study.

Results
Of 98 patients who presented with adnexal masses, 
60 patients were found to be eligible for the study based 
on the selection criteria.

Thirteen patients who had masses of nonovarian 
origin, 10 patients who did not undergo surgery and 
histopathological examination, four patients who died 
in between the study, four patients who did not give 
consent for the study, and seven patients who lost to 
follow‑up, were excluded from the study.

Of the selected 60 patients, 33 (55%) patients were found 
to have benign disease after final (histopathological) 
diagnosis and the remaining 27 (45%) patients had 
malignant disease [Figure 1]. Abdominal swelling (63%) 
and pain (60%) were the most common presenting 
symptoms. The maximum number of cases was 
found in the age group of 40–60 years; majority 
of patients of ovarian tumor were multipara; The 
rate of malignancy in ovarian cases was higher in 
nullipara (66%), and it gradually decreased as the 
parity increased. Majority (62.96%) of malignant cases 
were premenopausal whereas benign cases were almost 
equally distributed in either group. On USG, most 
of the benign masses were predominantly cystic in 
consistency (90%), with well‑defined margins (84.84%) 
and thin septations (53.57%). In comparison, most 
malignant masses were predominantly solid in 
consistency (76%), with ill‑defined margins (66.66%), 
thick septations (63.63%) [Figure 2], and papillary 
projections (90.90%). Ascites was present in half of the 
patients of ovarian tumor, and most of the patients with 
ascites (70%) had malignancy. On color Doppler study, 
92.59% of malignant lesions had neovascularization 
in contrast to 42.24% of benign lesions [Table 1]. 
Central vascularity was seen in 76.47% of malignant 
solid ovarian tumors in contrast to 25% of benign solid 
ovarian tumors [Figures 3 and 4].

Eighty‑eight percent of malignant tumors had mean 
systolic velocity >15 cm/s in contrast to only 14% of 
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benign tumors [Table 2]. Nearly 92.59% of malignant 
tumors had PI <1 while only 15.15% of benign tumors 
had PI <1. On the other hand, 88.88% of malignant 
tumors had PI <0.8 in comparison to only 6.06% of 
benign tumors. All those malignant tumors showing 
neovascularity had PI <1.00 while most of the 
benign tumors showing neovascularity had PI >1.00 
[Figure 5 and Table 3]. About 29.62% of malignant 
tumors and none of the benign tumors had RI <0.4 while 
92.59% of malignant tumors had RI <0.6 in contrast to 
only 9.09% of benign tumors [Figure 6]. Most of the 
benign vascular tumors had RI >0.6 [Figure 7] while 
none of them had RI <0.4. In comparison, most of the 
malignant vascular tumors had an RI <0.6 [Table 4].

Nearly 88% of malignant ovarian tumors had absence 
of diastolic notch while only 14% of benign of tumors 
were showing the absence of diastolic notch. Sensitivity, 
specificity, PPV, and NPV of grayscale ultrasound in 
detecting malignancy in ovarian masses in the current 
study were calculated to be 51.85%, 75.75%, 63.63%, 
and 65.78%, respectively. By combining grayscale 
and color flow finding, the current study was able to 
differentiate malignant tumors from benign tumors 
with a sensitivity of 81.48%, specificity of 93.93%, 
PPV of 91%, and NPV of 86.11%, and this diagnostic 
gain was statistically significant (P < 0.05 for each 
diagnostic index) [Figure 8].

Discussion
Due to wide array of types and origin, anatomical 
location in female pelvis and vicinity of structures 
of different systems, periodic physiological changes 
within, atypical symptoms, and insidious onset, early 
diagnosis and characterization of ovarian masses is often 
challenging. USG is considered the primary imaging 
modality for the confirmation of the ovarian origin of 
mass and characterization of nature of mass as benign 
or malignant.[11]

Sonographic evaluation of ovarian masses is based on 
size, external contour, internal consistency, and secondary 
signs of malignancy as ascites and peritoneal implants, 
and it correlates morphologic images with macroscopic 
pathologic features of tumor such as nonfatty solid 
tissue, thick septations, and papillary projections.[12] 
Unfortunately, there is no specific ultrasound criteria 
for benign or a malignant tumor. Several scoring 
systems based on the morphologic characteristics 
have been proposed; however, they concluded that a 
completely reliable differentiation of benign malignant 
masses cannot be obtained by morphologic criteria 
alone.[11] The sensitivity of morphologic analysis with 
US in predicting malignancy in ovarian tumors has been 
shown to be 85%–97%, whereas its specificity ranges 

from 56% to 95%[13] and, therefore, had the limited 
usefulness of sensitivity in individual patients because of 
low specificity and PPV.[13]

Addition of color Doppler imaging with pulsed Doppler 
spectral analysis improves the characterization of 
ovarian masses by means of quantitative blood flow 
measurements obtained from tumor vessels.[14] 92% 
of malignant tumors show blood flow; conversely 
the absence of blood flow is equally  important that 
suggests benignity of tumor.[6] Even the benign lesions 
that show vascularity tend to have more peripheral flow 
whereas malignant lesions show central flow,[7] but this 
can be misinterpreted if scanned at different angles. 
Hence, apart from this, two angle independent indices, 
namely, PI and RI, have also been used to analyze the 
Doppler waveform pattern in vascular masses. The RI 
assesses arterial waveforms where there is no reverse 
flow component, and its value is calculated as RI = peak 
systole − end diastole/peak systole. It has the advantage 
that the value is independent of beam/vessel angle and 
only requires the measurement of two precisely defined 
points in then spectral display. In contrast, PI was devised 
to determine quantitative energy in the oscillation of the 
waveform that is calculated as PI = peak systole − end 

Table 1: Distribution of neovascularity in 92.59% 
malignant ovarian tumors on color Doppler

Type of 
lesion

Presence of 
neovascularity

Absence of 
neovascularity

Benign 14 (42.24%) 19 (57.76%)
Malignant 25 (92.59%) 2 (7.41%)

Table 2: Distribution of tumors with neovascularity 
according to their peak systolic velocity

Tumor 
type

No. of vascular 
tumor

Peak systolic velocity
Low (<15 cm/sec) High (>15 cm/sec)

Benign 14 12 (85.72%) 2 (14.28%)
Malignant 25 3 (12%) 22 (88%)

Table 3: Distribution of ovarian tumors with 
neovascularity, according to their Pulsatility index (PI)

Solid 
tumor type

No. of tumor showing 
neovascularity

Pulsatility index (PI)
PI <0.8 PI=0.8‑1.0 P >1.0

Benign 14 02 03 09
Malignant 25 24 01 0

Table 4: Distribution of ovarian tumors with 
neovascularity, according to their Resistive Index (RI)

Solid 
tumor type

No. of 
tumor

Resistitive index
RI <0.4 RI=0.4‑0.6 RI >0.6

Benign 14 0 03 11
Malignant 25 08 17 0
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diastole/mean peak value. It is particularly valuable 
in arteries, in which there is diastolic flow reversal 

and can be calculated from a frequency trace without 
the need to know the beam/vessels angles.[8,9,10,15] The 
newly formed tumoral vessels are devoid of muscular 

Figure 1: Comparing diagnostic result of B‑mode ultrasonography alone 
and in combination with color and spectral Doppler in differentiating 
benign and malignant ovarian tumor

Figure 4: Solid malignant ovarian tumor with internal blood flow
Figure 3: Benign ovarian mass with peripheral flow

Figure 2: Vascular flow in a dividing septation in a malignant ovarian 
tumor

Figure 6: Mean and range of resistive index in benign and malignant 
tumors with neovascularityFigure 5: Mean and range of pulsatility index in benign and malignant 

ovarian tumors with neovascularity
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layer and have low impedance and high velocity flow, 
and therefore, the resistance measured by indices such 
as RIs and PIs is low, which can be used as predictors 
of ovarian malignancy.[16] In different studies, PI of <1 
and RI of <0.4 have been described as cutoff values for 
suggesting malignancy.[7,10,15,16]

Our study illustrates the special role of color Doppler in 
labeling the solid tumor of ovary as benign, if it did not 
show any significant vascularity. The NPV of absence of 
vascularity in the present study was 90.46%. At the same 
time, vascularity was present in 92.59% of malignant 
lesions in contrast to 42.24% of benign lesions, but the 
PPV of mere presence of vascularity for malignancy 
was only 64.1%. These findings were correlated well 
with the study done by Stein et al.,[13] which suggested 
that internal color flow cannot be used as a predictor of 
malignancy (PPV, 49%), but the absence of color flow 
suggested benignity (NPV, 94%).

In Doppler studies, the site of tumor vascularity does 
not affect the diagnosis in cystic neoplasm, as the tumor 
vascularity is encountered almost equally in the wall and 
septae; however, if the tumor is solid, benign nodules 
usually have predominant peripheral vascularity whereas 
malignant nodules have predominant central vascularity 
[Figures 3 and 4].[17,18] In the present study, also, central 
vascularity was encountered in 76.47% whereas peripheral 
vascularity was observed in 23.53% of solid tumors.

The new tumor vessels are morphologically abnormal 
because they lack intimal smooth muscles, which 
is necessary for increasing peripheral vascular 
resistance[5,6,16] that reflects in characteristic absence of 
diastolic notch in malignant tumors and low impedance 
to blood flow velocities.[11,15,16,19]

Therefore, malignant masses have higher peak systolic 
velocity (PSV) as compared to benign masses.[19] Khanna 
et al. reported a PSV of >20 cm/s in 51.85% and 
PSV between 10 and 20 cm/s in 40.14% of malignant 
tumors.[20] In the present study, 88% of malignant tumors 

had mean systolic velocity >15 cm/s in contrast to only 
14% of benign tumors, which is very similar to what 
reported by Fleischer et al.[19]

Further, with the use of spectral analysis indices such as 
PI and RI, a better differentiation of ovarian neoplasm 
can be achieved.[16] Low impedance to blood flow with 
high velocity is suggestive of malignancy, whereas 
moderate‑to‑high impedance to blood flow is correlated 
to benign tumors.[16,19] Resistive indices <0.4–0.8[6,13,16] 
and PIs <1.0 are generally considered to be suspicious 
for malignancy.[10,12,15,16] Kawai et al. found that color 
Doppler is 100% sensitive in diagnosing malignant 
tumors if RI was <0.4. Still, they found that about 2% of 
benign tumors had low impedance pattern, i.e., RI <1.[21] 
Similarly, in a large series of 628 patients, Kurjak et al. 
found that all malignant tumors had RI <0.4.[10] As all 
malignant neoplasms offered lower resistance to blood 
flow due to the presence of aberrant tumor vessels, 
in the same study, Kurjak found and proposed a PI 
of <1 (PI <1) for all malignant ovarian tumors, and it 
was supported by Valentin et al. and Fleischer et al. in 
later studies.[10,17,19] However, to optimize the study in 
terms of sensitivity and specificity, Carter et al. used 
cutoff criteria of PI <0.8 and RI <0.6.[15] In the present 
study, 92.59% (25) of malignant tumors had PI <1 in 
contrast to 15.15% (5) benign tumors [Figure 5]. On 
the other hand, 29.62% of malignant tumors and none 
of the benign tumors showed RI <0.4 [Figure 6]. When 
the data of the present study were extrapolated using the 
criteria of PI <0.8 and RI <0.6 as proposed by Carter 
et al., 88.89% (24) of malignant tumors had PI <0.8 in 
contrast to only 6.06% (2) of benign tumors. Similarly, 
92.59% (25) of malignant tumors showed RI <0.6 in 
contrast to only 9.09% (3) of benign tumors.

Figure 8: Relative sensitivity, specificity, positive predictive value, 
and negative predictive value of B‑mode ultrasonography alone and in 
combination with color Doppler and spectral Doppler in differentiating 
benign and malignant ovarian tumor

Figure 7: Peak systolic and diastolic waveform measurements (arrows) 
of a benign ovarian cyst showing a resistive index of 0.87
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Thus, using the cutoff criteria of PI <1 and RI <0.4 
for the malignant ovarian tumors, color Doppler study 
becomes highly specific and less sensitive with RI <0.4 
while it becomes more sensitive and less specific with 
PI <1. Using the same criteria, Kurjak and Predanić 
achieved better results in terms of sensitivity and 
specificity, which was mainly attributable to the study 
group that mainly comprised postmenopausal women.[22] 
Shah et al. in their study found that their data were 
slightly more specific and less sensitive with RI <0.4 
and more sensitive and less specific with PI <1. Hence, 
to optimize sensitivity and specificity, they proposed 
PI <1 and RI <0.6, which should be taken as cutoff.[16] 
This has been reflected in the present study also.

Conclusion
By combining grayscale and color Doppler finding, the 
present study was able to distinguish between benign and 
malignant tumors with a sensitivity of 81.48%, specificity 
of 93.93%, PPV of 91%, and NPV of 86.11%. Carter 
et al. (1994) also reported the similar results (sensitivity 
of 83%, specificity of 95%, PPV of 91%, and NPV 
of 90%) as in the current study.[15] Though the present 
study was unable to reproduce the extraordinary results 
(sensitivity of 97.3% and specifi city of 100%) published 
by Kurjak and Predanić;[22] however it showed a signifi 
cant increase in the sensitivity, specifi city, PPV, and 
NPV when color Doppler is used in conjunction with 
grayscale USG as compared to grayscale USG alone in 
establishing the preoperative diagnosis of malignancy 
or benignity in ovarian masses, and it is in harmony 
with other studies[6,23] and well supported by the large 
multicenteric European study.[24] Hence, color Doppler 
should always be used in combination with grayscale 
USG as the first diagnostic modality of choice for all the 
patients with ovarian masses.
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