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ABSTRACT
Background. The incidence of oncologic pathology in the female reproductive system is continually rising, highlighting the 
importance of finding new methods for early and precise diagnosis. This study aimed to determine the invasion depth of 
endometrial cancer through contrast-enhanced ultrasonography.
Materials and methods. The study included 38 patients who were confirmed to have endometrial cancer. All patients 
underwent complex ultrasound examinations in real-time and grayscale mode. The qualitative assessment of vascularization 
in color and energy Doppler mapping modes was performed using contrast enhancement with the assessment of qualitative 
and quantitative parameters of contrast.
Results. The results were compared with histological examination results from postoperative materials. The study identified 
contrasting qualitative parameters that are most indicative of endometrial cancer and quantitative parameters that are 
statistically significant and reliably distinguished the myometrium affected by the tumor from the unaffected myometrium 
(including peak intensity, time to peak intensity, and contrast half-life).
Conclusions. Contrast enhancement increases the effectiveness of comprehensive ultrasonography in determining the 
invasion depth of endometrial cancer.
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Современные возможности ультразвукового 
исследования в диагностике местной 
распространённости рака эндометрия
Х.Б. Зузиева, Л.А. Митина, А.Н. Востров, С.В. Мухтарулина, С.О. Степанов
Московский научно-исследовательский онкологический институт им. П.А. Герцена ― филиал Национального медицинского центра радиологии, 
Москва, Российская Федерация

АННОТАЦИЯ
Введение. Заболеваемость онкологической патологией женской половой системы неуклонно растёт. Это определя-
ет актуальность проблемы поиска новых методов наиболее ранней и точной диагностики данной патологии. Целью 
нашего исследования стало определение глубины инвазии рака эндометрия с применением контрастно-усиленного 
ультразвукового исследования.
Материалы и методы. В исследовании приняли участие 38 пациенток, страдающих раком эндометрия, подтверж-
дённым морфологически. Всем пациенткам выполнено комплексное ультразвуковое исследование в режиме реально-
го времени и серой шкалы, качественная оценка васкуляризации в режимах цветового (ЦДК) и энергетического (ЭДК) 
допплеровского картирования, с применением контрастного усиления с оценкой качественных и количественных па-
раметров контрастирования.
Результаты. Все результаты обследования сопоставлены с результатами гистологического исследования послеопе-
рационного материала. В ходе исследования выявлены качественные параметры контрастирования, наиболее харак-
терные для рака эндометрия, а также количественные параметры контрастирования, статистически значимо и до-
стоверно позволяющие отличить миометрий, вовлечённый в опухолевый процесс, от интактного (пик интенсивности, 
время до пика интенсивности, период полувыведения контраста).
Заключение. Контрастное усиление позволяет повысить информативность комплексного ультразвукового исследова-
ния в определении глубины инвазии рака эндометрия.

Ключевые слова: рак эндометрия; ультразвуковая диагностика рака эндометрия; контрастная сонография;  
SonoVue (Соновью).
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BACKGROUND
Uterine cancer ranks fourth in Russia among the main 

cohort of patients with malignant diseases (7.1%), follow-
ing breast cancer, skin melanoma, and prostate cancer [1]. 
According to the 2020 data, uterine body tumors (endome-
trial cancer in 90% of cases) are the second most common 
malignant gynecological tumors worldwide, after cervical 
cancer. Moreover, over the past 10 years, there has been 
a steady increase in the incidence of this pathology, es-
pecially in deve loped countries. Thus, endometrial cancer 
incidence in Russia increased from 148.4 per 100 thousand 
population in 2012 to 195.6 in 2022, i.e. by 47.2 cases per 
100 thousand population [1]. This is partly due not to a real 
increase in the number of cases of the disease but to im-
provements in modern diagnostic capabilities. Along with 
the increase in incidence, the overall survival rate of pa-
tients with endometrial cancer increases. This is also due 
to the improvement in the quality of medical care provided 
to the population, including the continuous development of 
early diagnostic methods [1, 2].

In recent decades, ultrasound (US) diagnostic methods 
have been actively used to identify intrauterine pathology [3]. 
Ultrasound examination using transabdominal and trans-
vaginal approaches is a non-invasive, easy-to-perform, and 
highly informative method for primary diagnosis and clari-
fication of uterine cancer [4]. Considering that endometrial 
cancer, like any other malignant neoplasm, is accompanied 
by changes in blood flow at the site of pathology, namely, 
the phenomena of neovascularization, ultrasound methods 
based on assessing differences in the degree of blood supply 
in healthy and pathologically changed tissues are becoming 
widespread [3].

One such technique is contrast-enhanced ultrasound 
(CEUS). Clinically, this method is usually used in the diagno-
sis of focal liver lesions. The use of this method in diagnosing 
extrahepatic pathology is increasingly widespread; however, 
currently, there is no recommended clinical gynecological 
use [5]. In the Russian and international literature available, 
there are studies on the use of this technique in diagnosing 
various pathologies of the pelvic organs in female patients, 
including in the diagnostics of malignant and benign endome-
trial pathology [6–14]. Furthermore, a study conducted in our 
center has analyzed the combination of contrast enhance-
ment with the administration of fluid into the uterine cavity 
when assessing the depth of invasion of endometrial cancer, 
the so-called double contrast method [15]. However, the po-
tential of CEUS in assessing the local extent of endometrial 
cancer remains poorly understood.

Thus, the relevance of early and most accurate diagnos-
tics of endometrial cancer is obvious. All of the above re-
quires further study of the capabilities of the CEUS method 
in the diagnosis of endometrial cancer.

This study aimed to determine the depth of invasion of 
endometrial cancer using CEUS. Thus, in the Department of 

Ultrasound Diagnostics of the P.A. Herzen Moscow Scientific 
Research Institute, a branch of the National Medical Research 
Center of Radiology, an ultrasound examination with contrast 
enhancement and subsequent assessment of quantitative 
and qualitative contrast parameters was performed.

MATERIALS AND METHODS
The study involved 38 female patients aged 35–81 years 

with stages T1A–T1B endometrial cancer who were hospi-
talized in the Department of Gynecological Oncology of the 
P.A. Hertsen Moscow Oncology Research Institute from 
September 2018 to June 2020 for surgical treatment. After 
several attempts at ultrasound contrast, patients with signs 
of severe endometriosis and multiple fibroid nodes were ex-
cluded from the study. The lack of information in their study 
was because of the peculiarities of vascularization, which led 
to a pronounced contrasting of the myometrium with endo-
metriosis and fibroid nodes and the difficulty in determining 
the tumor boundaries.

Of the 38 patients in the study group, 22 (57.9%) were in 
the reproductive period, and 16 (42.1%) were in the meno-
pausal period. In all patients, the diagnosis was morpho-
logically verified at the preoperative stage with final stage 
determination after surgical treatment.

All patients underwent pelvic US using transabdominal 
(3.5 MHz convex probe) and transvaginal access (7 MHz in-
tracavitary probe) on an Epiq 7 device (Philips, the Nether-
lands). A standard study of the pelvis was performed in 
grayscale and real-time mode and in color (CDM) and en-
ergy (EDM) Doppler mapping modes, namely, endometrial 
thickness, structure, degree of tumor spread to the myome-
trium, and outer contour of the area of pathological changes.  
A qualitative assessment of tumor vascularization degree 
was conducted. The data of the measurements (M-echo 
thickness, structure, degree of invasion into the myometrium 
in B-mode, and vascularization) were recorded in the study 
protocol for comparison with the results of CEUS and histo-
logical examination of the surgical material.

To conduct a contrast study, we used the agent SonoVue, 
approved in Russia (Bracco, Geneva, Switzerland), which con-
sists of microbubbles of sulfur hexafluoride surrounded by a 
thin layer of phospholipids and palmitic acid, allowing the 
bubbles to withstand several passes through the pulmonary 
capillaries. Unlike contrast agents for magnetic resonance 
imaging and computed tomography, SonoVue does not leave 
the vascular bed, does not induce side effects characteristic 
of these agents, and is completely eliminated from the body 
through exhaled air through the lungs. The microbubble size 
of the contrast agent is <8 micrometers (µm) to ensure the 
absence of capillary embolization [16, 17].

The drug was administered using a 20-G cannula before 
the start of the US examination. A stabilized microbubble 
suspension of the drug was administered intravenously at 
a concentration of 8 μl/ml (45 μg/ml) immediately after the 
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administration of 5 ml of 0.9% isotonic NaCl solution, fol-
lowed by the administration of an additional 5 ml of the same 
solution to rinse the cannula. The typical dose was 2.5 ml. Si-
multaneous with the administration of the contrast agent, the 
study was recorded in the form of a cine loop. Quality con-
trast indicators were assessed in real-time. Then, a quantita-
tive analysis of the resulting cine loop was performed using 
QLab software (Philips, the Netherlands). When working in 
the post-processing program, the region of interest function 
was used, where areas of the healthy myometrium and sites 
of the myometrium involved in the tumor process, equal in 
size and distance to the ultrasound sensor, were marked as 
regions of interest.

The examination results of all patients were compared 
with the data of the pathomorphological report.

The following contrast parameters were assessed:
A. Qualitative
1) clarity of tumor contours;
2) homogeneity of tumor contrast;
3) intensity of tumor contrast in the arterial phase com-

pared with contrast in the intact myometrium;
4) intensity of tumor contrast in the venous phase com-

pared with contrast in the intact myometrium;
5) time of appearance of the contrast agent in the tumor, 

assessed visually by the doctor;
6) time of washing out the contrast agent from the tumor, 

assessed visually;
7) the rate of entry and washout of the contrast agent 

compared with healthy myometrium.
B. Quantitative (calculated by software)
1) time of entry of the contrast agent (AT, arrivalTime), s;
2) time to peak intensity (TTP, timetopeak), s;
3) peak intensity (PI), dB;
4) half-life of the contrast agent (DT/2), s.

RESULTS
Histological examination revealed endometrioid adeno-

carcinoma with varying degrees of malignancy in all pa-
tients. Thus, a high degree of differentiation was observed 
in 13 (34.2%) cases, moderately differentiated adenocar-
cinoma in 8 (21.1%), and poorly differentiated adenocar-
cinoma in 17 (44.7%). The M-echo thickness varied from 
10 mm to 49 mm (the M-echo thickness was 10–20 mm in 
17 (44.7%) patients and 21–49 mm in 21 (55.3%) patients).

Ultrasound examination of all patients revealed signs of 
tumor invasion into the myometrium of varying severity. In 
real-time and grayscale studies, invasion was assessed us-
ing echographic features described in the literature [3, 18–
21]. The most common ones were as follows:

 • impairment of the integrity of the halo around the 
mucous membrane of the uterine cavity (29, or 76.3% 
patients);

 • sharp thinning and disappearance of the normal image 
of myometrial tissue (24, or 63.2% patients);

 • unclear and uneven boundary between the tumor and 
myometrium in a local area or throughout its entire 
length with the appearance of a scalloped edge of 
the median uterine echo in these areas (31, or 81.6% 
patients).

The tumor itself in real-time and gray scale was char-
acterized by a predominantly homogeneous hyperechoic 
structure (22, or 57.9% patients); in 16 (42.1%) women, the 
presence of hypoechoic areas without clear contours was 
detected, and in 4 (10.5%) of them, single anechoic inclu-
sions corresponding to areas of necrosis were revealed. In 
addition, in 7 (18.4%) cases, fluid was detected in the uterine 
cavity of the serosometra, hematometra type, with a cavity 
thickness of 2–5 mm. When visually assessing the degree of 
blood supply in the CDM mode, a significant increase in blood 
flow in the tumor compared with that in the intact myometri-
um was determined in 4 (10.5%) cases.

Based on data obtained from standard real-time and 
grayscale US, invasion into the myometrium less than 1/2 of 
its thickness was detected in 18 (47.4%) patients, and more 
than 1/2 of its thickness without signs of propagation to the 
serous membrane of the uterus was detected in 20 (52.6%) 
patients. In 32 (84.2%) patients, the results of standard US 
in determining the depth of invasion coincided with the re-
sults of a morphological study of postoperative material. In 
6 (15.8%) patients, real-time and grayscale modes revealed a 
depth of invasion of less than 1/2 the myometrium thickness, 
whereas histological examination diagnosed T1B.

Moreover, when assessing the qualitative and quantita-
tive characteristics of contrast enhancement during CEUS, 
the determination of the depth of invasion coincided with the 
conclusion of the histological examination of the postopera-
tive material in all 38 patients (true positive cases).

According to our study data (Tables 1 and 2), qualitative 
signs of contrast enhancement for endometrial cancer are 
homogeneous contrasting (71.1%), isocontrasting in the arte-
rial phase (81.6%), and hypocontrasting in the venous phase 
(76.3 %), predominantly simultaneous entry of contrast agent 
compared with the intact myometrium (79.0%) and its earlier 
washout (71.1%) (Figs. 1 and 2). The time of the contrast 
agent entry into the site of endometrial formation, assessed 
visually by a specialist, varied from 8 s to 24 s from the start 
of the study (average, 15.16 s; median, 14.5 s).

The washout time of the contrast agent ranged from 32 to 
127 s, the mean value was 48.5 s, and the median was 53.84 s. 
Tumor contours were distinct in half (50%) of the cases.

When comparing the quantitative characteristics of con-
trast, determined automatically using the QLab software, 
statistical analysis revealed statistically significant differ-
ences in the contrast indicators of a healthy myometrium 
and myometrium with tumor involvement (p <0.001 for the 
indicators “peak intensity,” “time to peak intensity,” “contrast 
agent half-life”) (Table 3).

Thus, CEUS examination for endometrial cancer is char-
acterized as follows: uniform distribution of the contrast 
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agent in the tumor (71.1%), except areas of necrosis, and 
earlier entry of the contrast agent into the area of the tumor 
lesion, including the zone of invasion into the myometrium, 
compared with the myometrium with no tumor involvement, 
as well as earlier washout from it.

In the arterial phase, CEUS revealed isocontrasting 
(81.6%) and hypercontrasting in isolated cases (18.4%); in 
the venous phase, hypocontrasting was more typical (76.3%), 
whereas in isolated cases, isocontrasting (15.8%) or hyper-
contrasting (7.9%) could be determined.

Quantitative indicators (peak intensity, time to peak inten-
sity, half-life) enable the reliable distinction of a myometrium 
with tumor involvement from healthy tissue, thereby assess-
ing the depth of invasion.

There were several restrictions on the use of CEUS in all 
patients with suspected endometrial cancer. First, the study 
was not sufficiently informative in patients with signs of severe 
endometriosis and multiple fibroid nodes. This is because the 

vascularization features characteristic of this pathology con-
tribute to a more pronounced contrast of the myometrium, 
which is not involved in the tumor process, which does not 
allow the tumor process to be reliably delimited. Further, the 
study of quantitative indicators can be difficult with a small 
thickness of the M-echo (<5 mm), which does not allow 
choosing a sufficient area of interest for comparison with 
the intact myometrium. Moreover, the uterine body location 
limits the study in that areas of interest should be selected 
at approximately the same distance from the sensor. Another 
restriction of the method is the possibility of assessing only 
one section at the time of contrast injection, which does not 
allow the assessment of areas of regional metastasis and the 
entire volume of local spread for large tumor sizes.

Despite this, our study enables us to consider CEUS along 
with standard ultrasound as a highly informative method in 
clarifying the diagnostics of endometrial cancer and in as-
sessing the depth of invasion into the myometrium.

Table 2. Qualitative assessment of the time of receipt and washout of the contrast agent

Indicator Median Standard  
deviation

Average  
value min. max.

Time of entry, s 14.5 4.33 15.16 8 24

Time of washout, s 48.5 18.45 53.84 32 127

Table 1. Characteristics of qualitative signs of contrast

Signs Options

Boundaries of 
formation

Clear Indistinct

19 (50%) 19 (50%)

Contrast homogeneity Homogeneous Inhomogeneous

27 (71.1%) 11 (29.0%)

Contrast intensity:
   in the arterial phase

Uncontrast Hypercontrast Isocontrast Hypocontrast

– 7 (18.4%) 31 (81.6%) –

   in the venous phase – 3 (7.9%) 6 (15.8%) 29 (76.3%)

Table 3. Characteristics of quantitative contrast indicators

Indicator Average value Number of patients, n p

Pair 1 AT in tumor 20.83 38
0.031

АТ in myometrium 21.18 38

Pair 2 ТТР in tumor 30.06 38
<0.001

ТТР in myometrium 34.46 38

Pair 3 PI in tumor 9.78 38
<0.001

PI in myometrium 6.52 38

Pair 4 DT/2 in tumor 63.18 38
<0.001

DT/2 in myometrium 89.26 38

Note. AT, arrival time of the contrast agent (arrivalTime), s; TTP, time to peak intensity (timetopeak), s; PI, peak intensity (peak 
intensity), dB; DT/2, half-life of the contrast agent, s.
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Fig. 2. Venous phase of contrast in endometrial cancer (hypocontrasting due to earlier leaching of contrast from the tumor compared to 
intact myometrium):
a ― in contrast mode, the arrow shows the contour of the tumor; b ― in the gray scale mode.

a b
Fig. 1. Arterial phase of contrast in endometrial cancer (homogeneous iso contrast without clear contours):
a ― in contrast mode; b ― in the gray scale mode.

a b

CONCLUSION
Ultrasound using contrast enhancement demonstrates 

high informational value in determining the depth of tumor 

invasion into the myometrium, which is considered one of the 
main criteria for determining the disease stage and choos-
ing the appropriate treatment approach and the full extent of 
surgical treatment.
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