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Background. Ultrasound is a crucial diagnostic procedure in the structural assessment of lesser pelvis organs. It is 
useful in preliminary diagnosis pertaining to a tumour’s potential malignancy, and visual staging of lesser pelvis neoplasms.
Objectives. Evaluation of the diagnostic benefits of grey-scale ultrasonography, colour and spectral Doppler, and three-dimen-
sional ultrasonography in differential diagnosis of adnexal tumours.
Material and methods. From a total of 637 patients diagnosed with an ovarian tumour, 202 (31.7%) women presented with 
malignant tumours and 435 (68.3%) with benign. The patients were classified into the following categories according to FIGO: 
52 patients in stage I, 15 in stage II, and the rest in stage III (127 patients) or stage IV (8 patients). 
Results. The uppermost test accuracy for the superior discriminating threshold value was reported in the case of the semiquan-
titative analysis of the “Colour’’ score – 81%, and the presence of central vascularity. Other factors included: age, bilateral tu-
mour location with 75% specificity, menopausal status, and presence of papillary projections – 74%. For VFI and VI indices set 
values amounted to 74% and 73%, respectively. Blood flow assessments measured with PI and RI parameters during spectral 
Doppler imaging do not appear to present clinically significant diagnostic value. 
Conclusions. The following parameters have to be considered in initial differentiating diagnostics of adnexal tumours:  
a) semiquantitative analysis of the “Colour” characteristic and vascular localization in 2D Doppler ultrasound, b) morphologi-
cal assessment of the tumour in 2D colour Doppler ultrasound, d) evaluation of vascular flow in 3D ultrasound with the imple-
mentation of sonoangiography, vascularization index VI, and vascularization-flow index VFI.
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Background

 Ultrasound is the main initial imaging test in the diag-
nostics and monitoring of ovarian cancer. It enables the phy-
sician to make an approximate diagnosis concerning tumour 
grade and staging in the lesser pelvis. One of the advantages 
of ultrasound is its safety and the ability to perform the test 
multiple times [1–4]. 

Grayscale ultrasound imaging, otherwise called “B-Mode” 
(brightness, modulation), is the basic ultrasound imaging 
method, and enables a 2D visualization of the examined or-
gans. 

The colour Doppler ultrasound method visualizes blood 
flow in the pathological changes of the ovaries, thus en-
abling to a greater degree the distinguishing of benign and 
malignant processes. Semi-quantitative analysis of blood 
perfusion in an adnexal tumour requires the measurement 
of the pulsation (PI) and resistance (RI) indices. Addition-
ally, in initial ovarian tumour grading, mean TAMXV (time 
averaged maximum velocity) and mean PSV (peak systolic 
velocity) values are used [5, 6]. 

Implementing the colour scale to mark the direction of 
blood flow in the colour Doppler (CD) method expanded 
the capabilities of ultrasound imaging. The main advantage 
of this method is the ability to visualize very minuscule ves-
sels. It also enables the visualization of the pathological 
vasculature of lesser pelvis tumours in women, whereas the 
technique called colour Doppler energy (CDE) or power an-

gio Doppler visualizes blood cell flow in colour, thus creat-
ing an image of very minuscule vessels by the assessment of 
the “energy” of blood cell flow and not direction and speed.

3D imaging and digital image analysis are used in creat-
ing computed tomography images, which enable the proper 
evaluation of lesions that are further away from the head of 
the ultrasound machine. This imaging technique visualizes 
the spatial arrangement of very small vessels in solid areas 
and septi of the neoplastic lesion. Another advantage of 3D 
ultrasound is the ability to precisely measure the volume of 
small lesions in the lesser pelvis, regardless of their shape 
[3, 4, 6]. The following indices are automatically calculat-
ed: vascularity index (VI), flow index (FI) and vascular flow 
index (VFI) [1, 8]. Ultrasound imaging lets us describe the 
dimensions and volume of the tumour, its localization, and 
can also confirm that the lesion originates from the ovum. 
In many cases ultrasound diagnostics can be used to evalu-
ate the extent of the neoplastic process, i.e. infiltration of 
surrounding tissues, as well as to search for metastasis of 
other malignant tumours to the ovum, or metastatic lesions 
of ovarian cancer to other organs located in the abdomen 
[2, 3].

Objectives

This study aims to evaluate the diagnostic accuracy of 
ultrasound diagnostics in grayscale, colour Doppler mode, 
and 3D ultrasonography in differentiating adnexal tumours.
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Material and methods

From a  total of 637 patients diagnosed with an ovar-
ian tumour, 202 (31.7%) women presented with malignant 
tumours and 435 (68.3%) with benign. The patients were 
classified into the following categories according to FIGO: 
52 patients in stage I, 15 in stage II, and the rest in stage 
III (127 patients) or stage IV (8 patients). In the histological 
evaluation of tumour differentiation according to WHO, 20 
tumours were graded as G1, 81 as G2, 90 as G3, and 11 
cases were left unrated. The diagnosis was confirmed histo-
pathologically in all cases. 

2D gray scale ultrasound, together with flow evaluation 
in colour and spectral Doppler ultrasound and 3D sonog-
raphy with shape measurement in the VOCALTM (with an-
giohistogram function) program were analyzed. For every 
patient, the clinical and ultrasound characteristics listed in 
Table 1 were evaluated. 

Table 1. Characteristics of selected clinical and ultrasound 
characteristics in the studied group
Evaluated characteristics

Age

   menopause status

   body mass index BMI (kg/m2)

   location of the tumour (one side/ both sides)

   histologic type according to WHO 

   stage according to FIGO

   tumour segmentation (> 3 mm or none)

   solid elements in the tumour (present/none)

   endophytic growths in the tumour (> 3 mm or none) 

   largest tumour size (mm) 

   tumour volume (mL)

   vessel location (central/peripheral/none)

Colour according to IOTA

   pulsation index PI  

   resistance index RI

   peak systolic velocity PSV (cm/S)

   mean value of flow velocity TAMXV (cm/S)  

   vascularization index VI

   flow index FI

   vascularization flow index VFI

Results

The diagnostic usefulness of the analyzed single tests for the 
threshold value best distinguishing between malignant and be-
nign tumour, as well as predictive values of the most commonly 
cited parameters for the threshold values in discriminating be-
tween malignant and benign adnexal tumours are presented 
in Table 2. The evaluation was conducted with consideration 
of the number of truly positive (TP), false positive (FP), false 
negative (FN) and truly negative (TN) results, together with the 
prognostic values, i.e. sensitivity (SENS), specificity (SPEC), like-
lihood ratio (LR+ and LR-), positive and negative predictive val-
ues (PPV and NPV), and diagnostic accuracy (ACC). 

The highest value of test precision for the most discrimina-
tive threshold value has been concluded in the case of a semi-
quantitative evaluation of the „colour” characteristic, 81%, 
and for the central localization of vascularization, 79%. Age, 
bilateral location of the tumour with a probability of 75%, 
postmenopausal status and endophytic lesions were other cri-
teria taken into account. The VFI index amounted to 74%, 
whereas the VI index presented a value of 73%. The blood 
flow PI and RI indices acquired during spectral Doppler ul-
trasound examination did not prove useful for diagnostics. 
For the threshold values of PI and RI most commonly quoted 
in the literature, the predictive values were low. The calcu-
lated values of the area under the ROC (AUROC) curve with 
a standard error and a 95% confidence interval (95% CI) for 
the parameters analyzed are shown in Table 3.

Table 2. Prognostic values of particular parameters for optimal threshold values and for the most commonly considered 
parameters and their threshold values in differentiating malignant and benign adnexal tumours

Parameter (optimal 
threshold) 

TP FP FN TN SENS SPEC LR+ LR- PPV NPV ACC

Age 
(55 years)

103 58 99 377 0.51 0.87 3.82 0.57 0.64 0.79 0.75

BMI 
(25 kg/m2)

112 115 90 320 0.55 0.74 2.10 0.61 0.49 0.78 0.68

MNP
(post-mnp)

120 85 82 350 0.59 0.80 3.04 0.50 0.59 0.81 0.74

Both sides 100 56 102 379 0.50 0.87 3.85 0.58 0.64 0.79 0.75

SEPT > 3 mm 158 188 44 247 0.78 0.57 1.81 0.38 0.46 0.85 0.64

PAP > 3 mm 91 55 111 380 0.45 0.87 3.56 0.63 0.62 0.77 0.74

WYM (80 mm) 143 149 59 286 0.71 0.66 2.07 0.44 0.49 0.83 0.67

VOL (500 mL) 62 36 140 399 0.31 0.92 3.71 0.76 0.63 0.74 0.72

VESS (circumference) 165 96 37 339 0.82 0.78 3.70 0.24 0.63 0.90 0.79

Colour (3) 100 18 102 417 0.50 0.96 11.96 0.53 0.85 0.80 0.81

PI (0.69) 108 184 94 251 0.53 0.58 1.26 0.81 0.37 0.73 0.56

PI (0.8) 133 219 69 216 0.66 0.50 1.31 0.69 0.38 0.76 0.55

PI (1.0) 161 278 41 157 0.80 0.36 1.25 0.56 0.37 0.79 0.50

RI (0.48) 104 184 98 251 0.51 0.58 1.22 0.84 0.36 0.72 0.56
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The highest values of the area under the ROC curve in 
a single variable analysis for ultrasound parameters were ob-
tained for the “Colour” characteristic and flow indices in 3D 
ultrasound, i.e. VI and VFI (0.83). 

Discussion

Ovarian cancer has the worse prognosis of all the reproduc-
tive system neoplasms. The bad prognosis of ovarian cancer is 
due to the fact that the disease is diagnosed too late, usually 
after it has already spread beyond the ovum. It is also related to 
the lack of specific symptoms in the early stages of the disease. 

The most commonly used noninvasive imaging method in 
gynaecology is grayscale intravaginal ultrasound. The aim of 
this test is to search the tumour for suspicious morphological 
characteristics, i.e. endophytic growths, multicompartment 
or mixed cystic and solid structure. Bilateral location of such 
tumours suggests the existence of a malignant process. The 
75% value of diagnostic precision (50% sensitivity and 87% 
specificity) was obtained when the examined patient suffered 
from a bilateral tumour. For ultrasound morphology an accu-
racy a value of 64% (78% sensitivity and 57% specificity) was 
reached. If endophytic growths were present in the tumour, 
the diagnostic accuracy of the test amounted to 74% (45% 
sensitivity and 87% specificity). Predictive values for these 
parameters suggest that they both initially classify adnexal tu-

mours well. Not all authors agree with solid elements being 
a separate characteristic of a tumour. It has also been suggested 
that the evaluation of this element should be done with data 
describing echogenicity and the structure of the septum. 

While introducing ultrasound imaging and gynaecology di-
agnostics, it was initially presumed that the size of the tumour 
was an important factor in differential diagnostics. A value of 
67% for diagnostic accuracy (71% sensitivity and 66% speci-
ficity) was obtained for the largest dimension of the tumour be-
ing > 8 cm. For evaluation of volume > 500 mL the accuracy 
amounted to 72% (31% sensitivity and 92% specificity). 

Ultrasound examination with vessel flow imaging ob-
tained with the colour Doppler method enables us to show 
increased vascularization and angiogenesis in most solid tu-
mours. It was initially presumed that malignant tumours are 
characterized by a low-resistance flow reflected in PI (< 0.8– 
–1.0) and RI (< 0.4–0.5) indices. Research showed, howev-
er, that the range of Doppler flow index variability is similar 
in both benign and malignant ovarian tumours [8–12]. 

The discriminant value for the pulsation index amount-
ed to 0.69. The diagnostic accuracy amounted to 5% (53% 
sensitivity and 58% specificity). For the resistance index RI 
with a  threshold value of 0.48 the accuracy amounted to 
56% (51% sensitivity and 58% specificity). Using the most 
often cited cutoff points in the literature, PI 0.8–1.0 and RI 
0.4–0.5, does not confirm their usefulness in ovarian tumour 
differentiation [1, 11–13]. 

Table 2. Prognostic values of particular parameters for optimal threshold values and for the most commonly considered 
parameters and their threshold values in differentiating malignant and benign adnexal tumours

Parameter (optimal 
threshold) 

TP FP FN TN SENS SPEC LR+ LR- PPV NPV ACC

RI (0.4) 59 157 143 278 0.29 0.64 0.81 1.11 0.27 0.66 0.53

RI (0.5) 117 197 85 238 0.58 0.55 1.28 0.77 0.37 0.74 0.56

PSV (58) 3 1 199 434 0.01 1.00 6.46 0.99 0.75 0.69 0.69

TAMXV (18.45) 23 14 179 421 0.11 0.97 3.54 0.92 0.62 0.70 0.70

VI (1.985) 105 72 R 363 0.52 0.83 3.14 0.58 0.59 0.79 0.73

FI (41.7) 21 21 181 414 0.10 0.95 2.15 0.94 0.50 0.70 0.68

VFI (2.25) 50 16 152 419 0.25 0.96 6.73 0.78 0.76 0.73 0.74

Table 3. Comparing the diagnostic values of the parameters analyzed based on the area under the ROC curve

Parameter (optimal threshold) AUROC SE 95% CI 

Age 0.788 0.018 0.752–0.824

BMI 0.652 0.023 0.606–0.697

MNP 0.699 0.023 0.654–0.745

Both sides 0.683 0.024 0.636–0.731

IOTA 0.635 0.022 0.592–0.677

PAP 0.662 0.025 0.614–0.710

Wym. 0.683 0.023 0.638–0.727

VOL 0.714 0.022 0.671–0.758

VESS 0.788 0.020 0.748–0.828

Colour 0.831 0.020 0.793–0.870

PI 0.533 0.023 0.489–0.577

RI 0.522 0.023 0.478–0.567

PSV 0.589 0.023 0.544–0.634

TAMXV 0.661 0.022 0.617–0.705

VI 0.741 0.021 0.700–0.783

FI 0.651 0.022 0.607–0.695

VFI 0.741 0.021 0.700–0.783
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Rapid IT and ultrasound development enabled 3D recon-
structions of the examined organs [5, 6, 14]. In a quantita-
tive description of neovascularization in ovarian tumours, 
based on 3D ultrasound examination findings, flow and vas-
cularization indices are used: VI, FI, VFI [5, 14, 19]. It was 
concluded that these indices are more accurate in 3D than 
in 2D ultrasound. Diagnostic accuracy of VFI amounted to 
74% (sensitivity 25%, specificity 96%), VI to 76% (sensitivity 
52%, specificity 83%), and FI – 68% (sensitivity 10% and 
specificity 95%). The value of the area under the ROC curve 
amounted to 0.74 for VFI and VI, and was lower for FI (0.65).

Performing the sonoangiogram exam in selected cases 
with 3D imaging enables a more precise evaluation of the 
tumour, and this way simplifies the process of qualifying the 
patient for a procedure [14]. 

Conclusions
The following parameters have to be considered in the 

initial differential diagnostics of adnexal tumours: 
•	 semiquantitative evaluation of the “Colour” character-

istic and location of vessels in the 2D colour Doppler 
ultrasound exam; 

•	 morphological ultrasound evaluation of the tumour, 
with special consideration of endophytic growths larger 
than 3 mm;

•	 evaluation of tumour volume;
•	 evaluation of vascular flow in 3D ultrasound with the 

usage of phonoangiography, and special consideration 
of the vascular index – VI and vascular-flow index VFI.

Attempting to answer the question of whether evalua-
tion of the flow index in the examined tumour is useful, an 
evaluation of other parameters was proposed. One of those 
parameters is the location of vascularization in the exam-
ined adnexal tumour. Published data suggest that a periph-
eral layout of vessels in the tumour suggests benign lesions, 
whereas malignant lesions have one or more vessels located 
in the centre of the mass [2, 14]. In the studied group a simi-
lar conclusion was reached. Diagnostic accuracy amounted 
to 79% (82% sensitivity and 78% specificity). 

Another proposed characteristic differentiating adnexal 
tumours is the subjective evaluation of vascularization seen 
as colourized areas in colour ultrasound examination [1, 
11, 15, 16, 18]. In the studied group of women the best 
discriminant value of the “Colour” characteristic was larger 
than 2. The diagnostic accuracy amounted to 81%, sensi-
tivity amounted to 50%, and specificity amounted to 96%. 
This parameter obtained the highest value of the area under-
neath the ROC curve out of all the ultrasound parameters, 
and amounted to 0.831.

Other parameters taken into consideration in the dif-
ferential diagnostics of adnexal tumours we parameters of 
spectrum flow speed and its speed, among which were: peak 
systolic velocity (PSV) and time averaged maximum velocity 
(TAMXV) [15]. Analysis of prognostic values for parameters 
of flow speed evaluation shows their limited usefulness in 
preoperative differentiation of ovarian tumour malignancy, 
because the diagnostic accuracy for PSV amounted to 69%, 
and 70% of TAMXV with low sensitivity percentages. 
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