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A b s t r ac t
Ovarian malignancies take the highest toll among all gynecological malignancies in developed countries. In 2018, 4.4% of
entire cancer-related mortality among women was attributed to ovarian cancer. The reason probably is that its symptoms do
not become evident till the tumor invades the surrounding structures or metastasis or ascites develop. A total of 65% of women
with ovarian cancers have stage III or IV diseases at diagnosis, with a 5-year survival rate of only 20–30%. Instead, if the disease is
diagnosed at stage IA, when the disease is confined only to the ovary, survival rates of as high as 90% can be achieved. Ultrasound
(US) is a modality of choice for the primary diagnosis of the lesion as it clearly demonstrates the morphology. Solid tumors
cannot grow larger than 2–3 mm in diameter without inducing their own blood supply. Doppler plays a major role in diagnosis
because neoangiogenesis is the major feature of malignant lesions. A resistance index (RI) of <0.4 was found to strongly correlate
with the malignant nature of the lesion. But an overlap in RI values between benign and malignant lesions is not uncommon.
Three-dimensional (3D) is superior in evaluating papillary projections and characteristics of cystic walls, calcifications, and bone
densities, identifying the extent of capsular infiltration of tumors, and calculating the volume.
Disorganized, randomly dispersed vessels with irregular branching and asymmetrical caliber with microaneurysms (MAs) and
arteriovenous (AV) fistulae with dichotomous branching are typical features of malignant vasculature and are best studied on
3D power Doppler (3D-PD).
A study by Kurjak et al. showed a qualitative analysis of the tumor vascular architecture added to morphologic parameters and
was clinically pertinent, reaching sensitivity, and specificity of 97 and 99%, respectively.
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Introduction
Ovarian malignancies take the highest toll among all
gynecological malignancies in developed countries.
Worldwide, the estimated annual incidence of ovarian
cancer is 204,000, with 125,000 deaths. In 2018, 4.4% of entire
cancer-related mortality among women was attributed to
ovarian cancer. Though its incidence is less than that of
breast cancer, the mortality is more. The reason probably
is that its symptoms do not become evident till the
tumor invades the surrounding structures or metastasis or
ascites develop. 2 Moreover, the anatomic location of the
ovaries is not amenable to any direct inspection. Ovarian
cancers lack any defined precursor lesion and have a poorly
defined natural history. And the time taken for the disease
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to disseminate from localized to the ovary to the outside
is not clear. Therefore 65% of women with ovarian cancers
have stage III or IV disease at diagnosis, with a 5-year survival
rate of only 20–30%. Instead, if the disease is diagnosed at
stage IA when the disease is confined only to the ovary,
survival rates of as high as 90% can be achieved. This
fact makes it essential that epithelial ovarian cancers be
diagnosed at an early stage and therefore has led to several
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studies to find out the most effective method for screening
and diagnosis of ovarian cancers.

Ovarian Tumors
These tumors can be classified as:
Epithelial tumors: These are the commonest group
(about 85%) of tumors found in the ovaries. These may
be serous, mucinous, endometrioid, clear cell, Brenners’
tumor, and undifferentiated tumors and may be borderline
or malignant tumors.
• Germ cell tumors: Immature teratomas, dysgerminomas,
yolk sac tumors, and choriocarcinoma.
• Sex cord or stromal tumors: Granulosa cell tumor,
Sertoli-Leydig cell tumor.
• Metastatic tumors.
•

Role of US in Diagnosis of Ovarian Lesions
It is not possible to confidently identify the histopathology of
ovarian tumors in the US alone. But there are certain features
that indicate the benignity of the lesion, like mostly unilocular.
When multilocular, the locules are usually fewer. The septae are
thin and smooth (Fig. 1). These tumors have <3 papillae (solid
projections arising from the wall or septum that are <3 mm in
height; International Ovarian Tumor Analysis). The contents are
anechoic. Benign lesions do not show any solid projections and
show minimal vascularity (score 1/2).
An ovarian volume of 20 cc or greater in premenopausal
women or 10 cc or greater in postmenopausal women may
suggest a high risk of malignancy. These values are two
standard deviations above published values for normal ovarian
volume in premenopausal and postmenopausal women.3
Most malignant ovarian tumors share a similar appearance
with solid and cystic components, with or without septae,
solid components consisting of papillarities or solid
projections (Fig. 2), and typical malignant vascular patterns.
These can be listed as follows:
•
•

Ovary >20 cc in a premenopausal patient.
>10 cc in a postmenopausal patient.

•
•
•
•
•
•
•
•

Cyst wall thickness >3 mm.
Papillarities of >3 mm.
Septae thicker >3 mm.
Solid parts >1 cm.
Mixed/high-level echoes.
Bilaterality-ascites.
Disturbed relationship with peripheral structures.
Low-resistance vascularity.

Angiogenesis is a complex process in which there is the
growth of new blood vessels from the preexisting ones and
is an essential phenomenon for the growth and survival of
growing tissues and solid neoplasms.4 Solid tumors cannot
grow larger than 2–3 mm in diameter without inducing their
own blood supply. It is driven by hypoxia and by a variety
of growth factors and chemokines. Tumor angiogenesis is
required for the supply of oxygen, nutrients, growth factors,
and tumor dissemination to distant sites. The delicate
balance between angiogenic stimulators and inhibitors is
lost, and the resulting pro-angiogenic imbalance promotes
angiogenesis that supports tumor growth beyond the
distance that oxygen can diffuse. 5,6
Most of the published studies on angiogenesis agree that
malignant tumors have characteristic blood flow features.7,8 It
has been established that wherever there is neoangiogenesis,
the resistance in the blood vessels is lower (Fig. 3) as these
vessels are immature and do not have a muscularis layer in
their walls, whereas as these vessels mature, the muscularis
develops and the resistance in these vessels increase. The
neogenesis is always seen with tumor formation or growth
and with acute inflammation. Doppler studies of the tumor
vessels and the evaluation of their resistance indices are
important for the diagnosis of malignant tumors. Blood
vessels in malignant tumors have decreased resistance as
compared to benign tumors. This is because the absence
of muscularis in the tumor vessels that makes them more
distensible and leads to low resistance flow.
Doppler has been widely used for the evaluation of
ovarian pathologies, including tumors and has proved

Figs 1A and B: (A) B-mode image of a benign lesion; (B) 3D image of a septate benign lesion
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Figs 2A and B: B-mode US image of ovarian lesion with solid projections showing irregular margins suggesting malignant nature

Figs 3A and B: (A) Power Doppler (PD) showing vascularity in a complex ovarian lesion; (B) PWD of a complex ovarian malignant
lesion showing low resistance flow

itself to be fairly effective for the differential diagnosis
of these. Pulsed wave Doppler (PWD) and color Doppler
imaging that allows tumor vascularization assessment
was brought into clinical practice to decrease the rate of
false positives in the evaluation of complex tumor masses.
Notwithstanding the initial encouraging velocimetric
results with this technique.9 An incremental decrease of
the impedance indices in the vessels of adnexal tumors
documented in Doppler studies may reflect the increase
in angiogenesis and be an indication of the tumor’s
malignant potential.10
Tumor vessels show localized areas of high systolic velocity
due to focal areas of narrowing and dilatation.11 For this reason,
the tumor vessels also have variable resistance indices, and this
has been documented in various studies.12,13 Instead, peripheral
and pericystical locations with a single vessel displayed and
RI above 0.40 were highly associated with benign ovarian
lesions.14 This study by Kurjak et al. also showed RI of <0.4 in only
one of 624 benign tumors, whereas an RI of <0.4 was found in
54 of 56 malignant tumors. This shows the importance of this
finding for the prediction of malignancy.13 Intratumoral peak
252

systolic velocity is the most useful index for discriminating
between overt benign and malignant adnexal masses.11
However, the presence of overlap in blood flow
parameters between malignant and benign ovarian tumors
is the main element of the current debate regarding attempts
to differentiate ovarian tumors accurately on the basis of their
vascular characteristics.15
Pulsed wave Doppler sonography (PWDS) can depict
ovarian carcinoma at stage I. Based on two-dimensional (2D)
US and Doppler criteria of a particular tumor, a scoring system
has been developed to calculate the risk of malignancy in
ovarian tumors (Table 1).
The total score is the sum of individual scores. Cutoff scores
of four or greater for the morphology index and six or greater
for the combined (morphology and vascular) index were
associated with a high risk of adnexal malignancy.

Three-dimensional Ultrasound (3D US)
Though these criteria on 2D US with color Doppler has
a high sensitivity for the diagnosis of malignancy, 3D is
superior in evaluating.
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Table 1: Two-dimensional (2D) sonographic and color
Doppler criteria for the diagnosis of adnexal malignancy19
Criteria

Score

Volume

<10 cc
>10 cc
Cyst wall
Smooth < 3 mm
Thickness/structure Smooth > 3 mm
Papillarities < 3 mm
Papillarities > 3 mm
Septa
No septa
Thin septa < 3 mm
Thick septa > 3 mm
Solid parts
Solid area < 1 cm
Solid area > 1 cm
Echogenicity
Sonolucency/low-level echo
Mixed/high-level echoes

0
2
0
1
1
2
0
1
2
1
2
0
2

Tumoral blood flow RI > 0.42
RI < 0.42

0
2

Papillary projections and characteristics of cystic walls
(surface mode), (Fig. 4) calcifications, and bone densities,
identifying the extent of capsular infiltration of tumors and
calculating the volume.16
Three-dimensional ultrasound (3D US) is especially useful
in the evaluation of complex ovarian lesions such as ovarian
dermoid (Fig. 5), endometriomas (Fig. 5), and fibromas, which
may give the wrong impression of malignancy when using
conventional transvaginal (TV) sonography and color Doppler
US because of complex echogenicity.16,10
Sonomorphological evaluation of ovarian tumors using
parameters such as the presence of papillary protrusions,
(Fig. 6) solid parts, thick septa (Fig. 6), and high echogenic
reflection patterns is useful in assessing the risk of ovarian
malignancy.17 A 3D US scanning allows a reduction in the
false positive findings by detailed investigation of the ovarian
lesion.
Three-dimensional ultrasound (3D US) facilitates
taking multiple sections of the tumor, rotation, translation,
and reconstruction of 3D images, allowing more precise
evaluation of the tumor without increasing scanning time
and patients’ discomfort.
The obvious advantages of 3D US have improved
recognition of the ovarian lesion anatomy, accurate
characterization of the surface features (Fig. 7), determination
of the extent of tumor infiltration through the capsule,
and clear depiction of the size and volume of the mass.
Granberg et al. identified papillary protrusions as the most
ominous and reliable findings associated with ovarian
carcinomas (Fig. 7).18
Morphologic criteria analyzed by 3D sonography (3DS) for
diagnosing ovarian malignancy have also been derived and
are tabulated as follows (Table 2). A cutoff of five or greater was
associated with a high risk of ovarian malignancy (Table 2).19 A
study by Kurjak et al. showed that a qualitative analysis of the
tumor vascular architecture added to morphologic parameters

and was clinically pertinent, reaching sensitivity, and
specificity of 97 and 99%, respectively.19

Three-dimensional Power Doppler (3D-PD)
Most malignant tumors are characterized by the presence of
structural abnormalities and enriched blood vessels, such as
vascular distortion, interruption, enlarged nourishing blood
vessels, dense, and AV fistula. In comparison, benign tumors
are of lower vascular type, have less branching, and have the
regular caliber of the vessels. This is chiefly dependent on
the PWD, and quantitative parameters like RI and pulsatility
index available literature shows conflicting results. 20,21 In
addition to RI analysis of blood flow, vascular arrangement,
and location are important for accurate discrimination of
benign from malignant ovarian lesions.14 Central vessels,
chaotic branching pattern, and asymmetrical vascular caliber
are some of the most reliable signs seen in malignant lesions
when investigated by 3D-PD (Fig. 8).22
This difference in the vascular arrangement and caliber is
difficult to efficiently appreciate by modalities like color and
PD. A 3D-PD US, along with 3D-PD may play an important
role as the same as the sensitivity of the PD imaging is 14 dB
greater than the standard Doppler imaging.23
The difference between the normal and the tumor vessels
is that tumor vessels are dilated, saccular, and tortuous (Fig. 9)
and may also contain tumor cells in the endothelial lining
of the vessel wall, though the latter cannot be seen in the
US.24 The variable caliber of the tumor vessels also leads to
variable resistance and velocity in these vessels. Some vessels
may have very low velocity and these may be difficult to be
picked up on color or PD.25
The appearance of disorganized, randomly dispersed
vessels with irregular branching was indicative of adnexal
malignancy (Fig. 9). Other structural abnormalities of the
malignant tumoral vessels were MAs, AV shunts (Fig. 9),
tumoral lakes, disproportional calibration, coiling, and
dichotomous branching (Fig. 10). Each vessel divides into
two vessels, and the branch may be almost the same
diameter as the parent vessels (dichotomous branching
pattern) (Fig. 10) as against a normal branching pattern
for the normal vessels, in which the vessels give branches,
but branches are always smaller than the parent vessel,
like branches of a tree. It has also been observed that,
unlike normal vessels, vessels in the malignant lesions also
give branches at obtuse angles. These characteristics of
malignant vessels can be best appreciated by 3D-PD. 26 This
has been typically described as a chaotic branching pattern,
and vascular arrangement by Kurjak et al. 3D-PD also
enables us to appreciate the differential vascular density
in malignant lesions. But only 20–80% of the vascular bed
is perfused in the tumor at any particular given time. 27 This
variable tumor perfusion contributes to uneven tumor
blood flow, and therefore it is difficult to generalize a
characteristic flow in ovarian tumors. 20
A cutoff score of seven or greater using the same
Table 2 mentioned above was associated with a high risk of
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Figs 4A to C: (A) Three-dimensional surface-rendered image showing surface irregularities; (B) Surface-rendering showing thick
septae and papillarities; (C) Surface-rendered image showing septae and nodularities

Figs 5A to C: (A) Three-dimensional ultrasound (3D US) image of dermoid; (B) Endometrioma; (C) Hemorrhagic cyst and all may
raise a suspicion of a malignant mass

Figs 6A and B: (A) Three-dimensional ultrasound (3D US) image showing large solid projection with irregular margins in a
malignant lesion; (B) B-mode and 3D US image of a complex malignant lesion with multiple solid projections and septae

ovarian malignancy. The blood in tumor vessels may flow from
one venule to another venule and also through AV shunts.
These vessels show MAs. This is because of high-pressure flow
through the newly formed vessel without muscularis. The
branching pattern of the malignant vessels is clearly different
from the vessels in the nonmalignant lesions.
254

Comparing the efficacy of the B-mode and Doppler
US to 3D US19 has been shown in Tables 3 and 4. 3D-PD
imaging in patients showing “positive” results with available
standard tests, in combination with color Doppler, represents
a novel procedure for accurate early detection of different
cancer types. Combined evaluations of neovascularity
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Figs 7A to C: Surface irregularities as seen on 3D US
Table 2: Three-dimensional (2D) sonographic and PD criteria
for the diagnosis of adnexal malignancy19
Criteria
Volume
Cyst wall
Thickness/
structure
Septa

Solid parts
Echogenicity

Score
<10 cc
>10 cc
Smooth < 3 mm
Smooth > 3 mm
Papillarities < 3 mm
Papillarities > 3 mm
No septa
Thin septa < 3 mm
Thick septa > 3 mm
Solid area < 1 cm
Solid area > 1 cm
Sonolucency/low level echo
Mixed/high level echoes

Tumoral blood flow RI > 0.42
RI < 0.42
Relationship
Normal
with surrounding
Disturbed
structures
Vessel architecture Linear
Disorganized
Branching pattern Simple
Complex

0
2
0
1
1
2
0
1
2
1
2
0
2
0
2
0
1
0
2
0
2

Three-dimensional power Doppler (3D-PD) has improved
specificity (75% as compared to 54%) for ovarian malignancy and
staging though the detection rate is 97.7%.30 Angiogenesis can
be detected with color Doppler US and especially with 3D-PD,
even when the carcinoma is confined within the ovarian capsule
or when it exhibits low malignant potential.31−33 High suspicion
index for abnormal neovascularization should be generated
with any color flow yielded from postmenopausal ovary. The
vascular and morphologic characteristics of ovarian tumors can
be better defined by 3D-PD imaging.26,34
The number of vessels developed per unit volume of
tumor is called “tumor vascularity” and the number of
flowing blood elements is “tumor flow.” The tumor flows
in the same tumor may vary at different times. It is these
vascular characteristics that can be studied and documented
by Doppler and 3D-PD.26
It has been suggested by the multitude of data that, apart
from conventional chemotherapy, controlling angiogenesis
can serve as a complementary treatment for malignancies.35–37
The decrease in vascularity may occur much faster than
the decrease in the size of the tumor, and this can be used
to assess the control of the disease. These studies can be
very effectively assessed by quantitative 3D-PD studies. The
density of the vessels was found to be the single best vascular
predictor of malignancy.38

Contrast-enhanced 3D-PD (CE-3D-PD)
and morphology by 3D color PD possess the potential
to differentiate between benign and malignant tumors
and may facilitate early detection. A 3D, 3D-PD, can be
more efficient in the accurate detection of local disease
as compared to serum tumor markers, with fewer false
negatives and false positives. Thus, as a new, adjunctive
imaging study 3D-PD imaging implementation seems both
practical and viable in the monitoring of local recurrences and
treatment response to radiotherapy.28 Vascularity index (VI)
and vascularity flow index (VFI) were significantly higher in
advanced-stage tumors and metastatic tumors as compared
with early-stage tumors. But 3D-PD cannot differentiate
between advanced-stage tumors and metastatic tumors.29

Ultrasound (US) contrast can be used to potentiate these
Doppler signals and plays an important role in studying
the tumor vessels and differentiating between benign and
malignant tumors.39
After injection of contrast agent, in all cases of ovarian
malignancy, a penetrating vascular pattern and/or a
mixed penetrating and peripheral pattern were detected.
CE-3D-PDS facilitates visualization of adnexal tumor vessels,
which may aid in differentiating benign from malignant
adnexal lesions.40
Kupesic and Kurjak very recently reported on the use of
CE-3D-PD US in the differentiation of benign and malignant
adnexal lesions.
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Figs 8A to C: (A) Three-dimensional with HD flow on angio-mode; (B and C) 3D power Doppler with angio-mode

Figs 9A to C: Three-dimensional power Doppler (3D-PD) angiography showing typical malignant vascular pattern with asymmetrical
caliber, ventral vascularity, dichotomous branching, and MAs

Figs 10A and B: Three-dimensional power Doppler (3D-PD) images of malignant lesions showing typical vascularity seen in
malignant lesions: heterogeneous vascular density, irregular caliber of vessels, dichotomous branching, vascular lakes, etc

If used together with 3D morphologic US assessment,
enhanced 3D-PD imaging might precisely discriminate
benign from malignant adnexal lesions. The use of a contrast
agent with 3D-PDS showed diagnostic efficiency (95.6%) that
was superior to that of nonenhanced 3D-PDS (86.7%).39 Higher
detection rate of small vessels after injection of contrast
agents may allow application of the mathematical models
256

assessing 3D vascular chaos and fractals. Kurjak et al., in their
study on the role of CE-3D-PD for differentiating between
benign and malignant adnexal lesions, showed 96.5%
accuracy for the same.41
A new scoring system for ovarian masses for malignancy
now has also included these 3D-PD features which include
3D-PD–vascular architecture–chaotic, and 3D-PD–branching
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Table 3: Sensitivity, specificity, PPV, and NPV of 2 and 3DS in detection of adnexal malignancy
Technique
2DS
3DS

Sens %

Spec%

PPV%

CI

NPV%

CI

80
87

95
96

71
74

0.0–1.0
0.649–1.0

97
98

0.0–1.0
0.716–1.0

CI indicates 95% confidence interval; 3DS, three-dimensional sonography; 2DS, two-dimensional sonography

Table 4: Sensitivity, specificity, PPV, and NPV of 2D/TV color Doppler sonography, 3D/3D-PDS, and CE-3D-PDS in detection of
adnexal malignancy19
Technique
2DS/TVCDS
3DS/3D-PDS
Contrast- 3D-PD

Sens%

Spec%

PPV%

CI

NPV%

CI

89
97
99

98
99
93

86
97
93

0.122–1.0
0.607–1.0
0.453–1.0

99
99
100

0.7 58–1.0
0.823–1.0
1.0

CI indicates 95% confidence interval; 3D-PDS, three-dimensional power Doppler sonography; 3DS, three-dimensional sonography;
TVCDS, transvaginal color Doppler sonography; 2DS, two-dimensional sonography

pattern-complex apart from all the features mentioned
above.
Using this system, the accuracy for diagnosis of stage IA
ovarian cancer for different US modalities are:15
•
•
•
•
•

2D USG 69.8%.
TVCD 86%.
3D USG 74.4%.
3D-PD 95.3%.
3D-PD + contrast 97.7%.

3.
4.

Three-dimensional power Doppler (3D-PD) qualitative
analysis of tumor angiogenesis allows accurate detection
of the earliest appearance of ovarian malignancy stage IA.
Differentiation between benign and malignant lesions
by contrast-induced 3D-PD:
•
•
•
•

2.

Sensitivity 100%.
Specificity 93.9%.
PPV 85.7%.
NPV 100%.

5.
6.
7.

It is recommended to use 3D-PD even for benign-looking lesions
as even simple-looking cysts may show tumor vascularity.
Injection of contrast agent helps detection of penetrating
and peripheral vascularity in doubtful cases of ovarian
malignancy with high diagnostic efficiency.
For the positive cases on 2D US, a secondary screening
based on morphologic and vascular parameters assessed
by 3D US and 3D-PD may improve the early detection of
ovarian cancer and the accuracy of the US screening strategy
in high-risk populations. Though a lot of standardization is
still required as far as the 3D-PD indices VI, flow index, and
VFI are considered. This can be done by gathering vascularity
information by using a standardized, always identical size,
tissue volume sample from the most vascularized region and
standardizing pulse repetition frequency and gains.

8.
9.
10.

11.

12.

13.
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