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Multiparametric Ultrasound Examination in Tumor-Like Formations of the Ovaries
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Abstract

Properly diagnosed tumor-like formations of the ovaries facilitate the correct selection of patients who may not require surgery, or
choose surgery with minimal access if such intervention is required. Subjective assessment of the features of tumor-like formations
with the help of ultrasound diagnostics, including compression elastography, proved to be highly effective in the differential diagnosis
of bulky ovarian formations. All tumor-like formations have their sonographic features that allow making a reliable diagnosis of a
particular formation. The article reveals data on the diagnostic significance of multiparametric ultrasound imaging in the detection of
ovarian tumor-like formations. A detailed sonographic picture of tumor-like formations in B-mode, color, and pulse Doppler mode and
compression sonoelastography mode was analyzed. This examination was especially relevant for women of reproductive age, as it
depended on the further tactics of treatment of each patient. For all types of tumor-like formations ovaries, a qualitative feature was de-
termined - elastotype on the Ueno scale and the index of stiffness (Strain Ratio) - a quantitative indicator. Follicular cysts, endometrioid
and periovarian cysts were found to belong to the 0 elastotype. Cysts of the corpus luteum belonged to the Il elastotype on the Ueno
scale. The lowest values of the stiffness index were seen in follicular and periovarian cysts, and the highest value was observed in en-
dometrioid cysts. Our results have shown that ultrasound examination of ovarian tumors is an accurate and highly informative method.
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Introduction tactics options, which, in turn, increases and improves pa-
tient survival and reproductive function in women [5, 6].
Each menstrual cycle ends with the development of
Space-occupying tumor-like masses in the ovaries are one  one Graafian follicle. It protrudes above the ovary’s sur-
of the most frequently identified formations in gynecologi-  face, there is a rupture of its wall, and the egg cell en-
cal practice. Early differential diagnostics is a key factorin ~  ters the abdominal cavity. When the development of the
the medical management of every woman [1]. This pathol-  follicle, and function of ovulation and corpus luteum is
ogy is especially relevant for women of reproductive age.  disturbed, pathological formations in the form of cysts are
In most cases, the presence of cysts is associated with ~ possible [7].
infertility problems. In many women, there is a pain syn- Tumor-like formations of the ovaries have different ul-
drome and ovarian-menstrual cycle irregularities, leading  trasound characteristics [8]. Some cystic formations may
to a necessity of consultation with obstetrician-gynecolo-  be complex cysts with exfoliation, hemorrhage, or thick
gists or reproductive specialists [2-4]. walls. Differential diagnosis between tumor-like, benign,
The peculiarities of ovarian tumor-like formations and ~ and malignant ovarian lesions is quite difficult and trans-
differential diagnosis between benign, tumor-like and ma-  vaginal, and transabdominal ultrasonography becomes
lignant formations are important both to reduce excessive  a tool of primary imaging [8, 9]. According to the classifi-
anxiety in patients and to decide on the choice of treatment ~ cation of the International Ovarian Tumor Analysis group,
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multilocular cysts with a solid component have the highest
risk of malignancy [8]. Multiparametric ultrasound exami-
nations allow making a more accurate differential diagno-
sis between tumor-like, benign, and malignant masses.

The grayscale ultrasonography in B-mode of ovarian
neoplasms is known to have similar characteristics often,
so this modality of ultrasound diagnosis is quite subjective.
Differential diagnosis of ovarian formations is facilitated by
Doppler regimens. It has been proven that benign and ma-
lignant ovarian masses have intranodular blood flow, and
tumor-like ones are characterized by extranodular blood
flow [10-12]. However, there are cases when Doppler reg-
imens do not register low-velocity blood flow in ovarian
masses. In this case, it is advised to move on to the next
ultrasound modality — sonoelastography, which serves as
a new method of assessing tissue stiffness and is widely
used to distinguish between benign and malignant pathol-
ogy of the mammary and thyroid glands. It is becoming
an increasingly popular component of gynecological ul-
trasonography. To conduct this study, it was necessary to
switch the scanner to real-time sonoelastography [13-18].
The advantage of using this method in the diagnostic al-
gorithm of patients with ovarian tumor-like formations is
its lower cost compared to magnetic resonance imaging
(MRI) [19].

Our study aims to improve the diagnosis of tumor-like
formations of the ovaries using multiparametric ultrasonog-
raphy with particular attention to real-time compression so-
noelastography, which gives additional characteristics of
the elasticity of these pathological conditions.

Despite the frequent use of magnetic resonance im-
aging and computed tomography to characterize ovarian
pathology, qualitative images of ovarian masses can be
obtained using multiparametric ultrasonography, which is
based on the use of standard B-mode, color Doppler map-
ping, energy and spectral Doppler mode and thus simplify-
ing the process of diagnosing this pathology [8, 9].

Material and Methods

The mean age of patients was (34.77 £ 2.07) years. The
most common complaint of the examined patients was
pain syndrome — 42 (84%) cases and menstrual irregulari-
ties — 34 (68%) cases. Bloody discharge and infertility were
diagnosed in 21 (42%) and 10 (20%) cases, respectively.
According to the medical history of the patient, nonsteroi-
dal anti-inflammatory drugs and antibiotics were taken by
patients before the diagnostic search. This group of pa-
tients showed an elevated mean body mass index, which
was (24.81 £ 1.23).

A dynamic ultrasound examination of 50 women with
suspected ovarian tumor-like formations was performed.
The examination was performed on an ALOCA ARIETTA
60 system (Hitachi), using a sector sensor, with a 3.5 MHz
frequency for transabdominal examination and an endo-
cavity sensor, 8 MHz - for transvaginal examination.

Firstly, all women underwent a standard transvaginal
ultrasound examination in B-mode using color, energy, and
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pulsed Doppler techniques. After that, to determine the
density of the detected mass, compression elastography
was performed. The study was conducted in real-time. The
area of interest was marked as ROI (region of interest),
and the parameters of sonoelastography were optimized:
intensity, mechanical index, and the optimal compression
parameters for the study area were controlled using a
scale or graph on the monitor screen. For proper elastog-
raphy, the examination area also involved at least 3/4 of
the unaltered reference tissue. The determination of the
stiffness index is based on a comparative analysis of the
density of normal and pathologically altered tissue, and the
elastographic image of the affected ovary was compared
with the elastographic image of the unaltered part of the
ovary. All the obtained results in the form of static images
were stored in the memory of the device, which enabled
their digital interpretation.

Qualitative assessment of tumor-like formations den-
sity was performed using the classification of elastotypes
on the UENO scale. All images that can be attributed to 0,
1 and 2 elastotypes correspond to benign formations and
those belonging to the 3 elastotype correspond to condi-
tionally benign. The images obtained in 4 and 5 elasto-
types were characteristic of malignant neoplasms.

At the same time, not only the qualitative character-
istics of the lesion foci were evaluated, but also the quan-
titative characteristics, i.e., the coefficient of tissue defor-
mation - strain ratio values - were determined. This ratio
allows estimating the ratio of the ovarian formation density
to the density of the surrounding unaltered tissues.

Criteria for inclusion into the study were the presence
of informed consent for ultrasound examination, suspicion
of ovarian tumor-like formations, the reproductive age of
patients (18-50 years).

The exclusion criteria were patients under 18 years of
age and women over 50 years (during menopause), preg-
nant women, and patients with ovarian apoplexy.

The obtained data were processed using the STATIS-
TICA (Stat Soft Statistic v.6.0) software package. The reli-
ability of the obtained results was evaluated by the bidirec-
tional non-parametric Student's t-test. The threshold level
of statistical significance was taken as p<0.05.

Results

According to the research results, in 39 (78%) examined
patients, tumor-like formations were detected for the first
time, and in 11 (12%) — repeatedly. At the same time, the
reproductive function was maintained in 22 (44%) women,
and 28 (56%) have not given birth to children. Surgery due
to ovarian tumor-like formations was performed in 13 (26%)
women, including 8 (61.5%) patients with endometriomas
and 5 (38.5%) with paraovarian cysts. Bimanual gyneco-
logical examination revealed a painful three-dimensional
ovarian formation in 33 (66%) women and an increase in
uterine size in 34 (68%) cases. Signs of inflammation in the
cytological examination of a smear from the cervix were
seen in 24 (48%) women.
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As a result of dynamic observation of patients, the follow-
ing types of tumor-like formations of ovaries were revealed
(Figure 1).

paraovarian
cysts
14%

follicular cysts

endometrioid 36%

cysts
20%

Figure 3: Sonoelastogram of a follicular cyst.

corpus luteum
cysts
30%

Figure 1: The structure of the distribution of tumor-like forma-
tions of the ovaries.

detected. In these formations, the blood supply was deter-
mined at the periphery, which, in turn, allows differentiation
of hemorrhage into the cyst from a solid component (Fig-
ure 4). These formations in the mode of sonoelastogra-
phy are mapped in green with admixtures of blue, which
As can be seen from the data shown in the diagram, folli- is characteristic of the 2 elastotype (Figure 5). Their index
cularand corpus luteum cysts were most often diagnosed,  of stiffness (Strain Ratio) ranges from 0.98 to 3.08 relative
and endometrioid and paraovarian cysts were somewhat  units.

less frequently diagnosed. Peculiarities of follicular and In 10 women, there were formations with fine-grained
paraovarian cysts are as follows: anechogenic formation,  content, with clear, smooth contours. However, in 5 cases,
with a clear, smooth contour, regular inner surface, ho-  the inner wall was irregular, papillary growths were not de-
mogeneous content, unaltered ovarian tissue was detect-  tected, and extranodular blood flow was seen in all cases
ed on the periphery of the cyst, peripheral blood supply

(Figure 2).

14.1cm/s

Figure 4: Sonogram of a corpus luteum cyst with Doppler ultra-
sonography.

: n/s EDV: 5.5cm/s SV.. 2.0mm
Figure 2: Sonogram of a follicular cyst with Doppler ultrasonog-
raphy.

Mode of sonoelastography: a limitation for this type of
study were large anechogenic formations, the size of
which exceeded 40 mm, because such formations are not
mapped at all, or is determined only in the upper third of
the formation. With a smaller size, cysts were mapped in
blue-green-red colors, which corresponds to the 0 elasto-
type, and their stiffness index ranged from 0.219 to 1.23
units (Figure 3).

In 15 women (30%), heterogeneous formations, with
smooth, clear contours, inhomogeneous due to arachnoid oy TV C c
septa, and unaltered ovarian tissue on the periphery were  Figure 5: Sonoelastogram of a corpus luteum cyst.

necology T\ Probe:C41V1
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(Figure 6). When choosing the mode of sonoelastography,
all formations were mapped in blue-green-red colors, which
corresponds to the 0 elastotype. The stiffness index strain
ratio ranged from 0.819 to 3.23 relative units (Figure 7).

Quantitative indices of Doppler ultrasonography in
women with tumor-like formations of the ovaries are char-
acterized by an average value of Vmax (39.08 + 2.51) cm/
sec, 2.16 £ 0.061 Standard Deviation (SD) relative units,
0.59 £ 0.01 Resistive Index (RI) relative units.

SV. 20mm

Figure 6: Sonogram of an endometrioid cyst with Doppler ultra-
sonography.

Gy Vo Pr - P 1V

Figure 7: Sonoelastogram of an endometrioid cyst.

Discussion

This study was performed for a detailed sonographic de-
scription of the ovarian formations, taking into considera-
tion the frequency of tumor-like diseases, the relevance
of their rapid and cheap diagnosis, the lack of data in the
available sources on multiparametric ultrasound examina-
tion with special attention to sonoelastography.

A detailed ultrasound picture of benign and tumor-like
formations of the ovaries in the B-mode was described by
lonescu et al. in 2018. However, they did not use com-
pression elastography in their studies. Characteristics of
sonoelastographic imaging of ovarian tumor-like forma-
tions were also described by Gazhonova et al. [20]. The
common feature of our studies is that uncomplicated folli-
cular and endometrioid cysts corresponded to the 1 elas-
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totype on the UENO scale and there was no significant
difference in the indices of strain ratio. However, in the sug-
gested research, there is no sonoelastographic description
of complicated and corpus luteum cysts, and there is no
description of Doppler imaging of ovarian tumor-like con-
ditions. Doppler analysis of these formations is described
by Ashrafyan et al. [21]. They revealed that average Vmax
indices were slightly lower than our data and equaled to
27.5 + 4 8 relative units, and the strain ratio indices had no
significant differences.

Compression elastography has become a helpful tool
for ultrasound diagnosis of three-dimensional formations.
A potential application of this technique is its association
with grayscale and Doppler modes, i.e., multiparametric
ultrasound examination, which is helpful in complicated
diagnostic cases.

Conclusions

In the structure of tumor-like pathology of the ovaries, the fre-
quency of follicular cysts is 36%, corpus luteum cysts — 30%,
endometrioid cysts — 20% and paraovarian cysts — 14%.

Ultrasound examination, as the least invasive method
of diagnosis, allows diagnosing follicular and endometrioid
cysts of the ovary with accuracy up to 100%.

Since ovarian tumor-like formations in most cases
occur in women of fertile age, the maximum efforts of gy-
necologists and reproductive specialists should be aimed
at timely diagnosis and treatment of this pathology, which
will preserve the reproductive capacity and reduce the per-
centage of unnecessary surgical invasions. The innovative
technology of sonoelastography provides qualitatively new
information about the elasticity of tissues and allows as-
sessing the stiffness of ovarian tumor-like formations.

Compression sonoelastography can be recommended
in the algorithm of a comprehensive ultrasound examina-
tion of the ovaries.
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