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Abstract
The article analyzes modern literature data on the importance of studying the hemodynamics of uterine tumors with dop-

plerometry in two- and three-dimensional regimens of echography for differential diagnosis of simple proliferating leiomyomas 
and sarcomas of the uterus. It is shown that the differential diagnosis of benign and malignant tumors using the dopplerometry is 
based on various features of the blood supply of these tumors. On the basis of the analysis of literature data, it was concluded that 
in the dopplerometry evaluation of benign, borderline and malignant tumors of myometrium in the two-dimensional regime, there 
were differences in the localization of the detected vessels in the CDM regimen, in the rates of vascular blood flow and vascular 
resistance in pulse dopplerometry. For a simple leiomyoma, the absence of a central intra-node localization of blood vessels in the 
CDM regimen, a low rate of arterial and venous blood flow, as well as an average resistance of arterial blood flow in the regime of 
impulsive dopplerometry are most typical; in a leiomyoma with eating disorders, the absence of a central intra-node localization of 
blood vessels, a low rate of arterial and venous blood flow in combination with high arterial resistance were more often observed. 
For the proliferating leiomyoma, the central intra-node localization of the vessels and the average blood flow velocities with low and 
medium resistance are characteristic. For sarcoma of the uterus, there is abundant vascularization both around the periphery and 
in the center, high blood flow rates and low resistance. The authors emphasize that there is information about the low specificity of 
this gradation, since the detection of a central type of vascularization and low resistance values can be in simple myomatous nodes 
with edema, eating disorders and destruction, and leads to diagnostic errors and suspicion of malignancy. In the three-dimensional 
dopplerometry mode for simple leiomyomas, low indices of volume perfusion indices were characteristic, and for proliferating leio-
myomas and sarcomas of the uterus – high indices of volume perfusion indices exceeding those in the uterus as a whole.

Based on the review of the literature, the authors concluded that the presently available echographic and dopplerometric 
two- and three-dimensional markers are characterized by high sensitivity, but very low specificity. The low specificity of the known 
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ultrasonic and dopplerometric criteria combined with the rarity of cases of sarcoma in the uterus against the background of a large 
number of similar echographically and dopplerometrically leiomyomas lead to low diagnostic accuracy of ultrasound diagnostics. 
This situation requires a further continuation of the scientific search for differential diagnostic ultrasound criteria by leiomyomas and 
sarcomas of the uterus using modern technologies, including three-dimensional echography.

Keywords: ultrasound diagnostics, three-dimensional echography, dopplerometry, simple leiomyoma, proliferating leiomy-
oma, uterine sarcoma.
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1. Introduction
Differential ultrasound diagnosis of benign, borderline and malignant tumors remains a 

problem that has not been fully solved to date, despite the fact that ultrasound has become a routine 
method over the past decade, its significance in the diagnosis of various oncological diseases has 
been proven and sufficiently covered in the literature [1, 2]. According to the comparison of the 
ultrasound and morphological pattern of macro preparations with the histology of distant tumors, 
experience is gradually accumulating, allowing the sonologist to assume the presence of oncopa-
thology in the patient at the preclinical stage, analyzing only the echography data [3, 4]. However, 
despite this, the frequency of detection of early forms of malignant tumors using the ultrasound 
diagnosis method has been insufficient in clinical practice for many years [5].

At the present stage of the development of medicine, the diagnostic capabilities of echog-
raphy have expanded significantly with the advent of methods such as color Doppler mapping 
(CDM), energy Doppler mapping (EDR), wavelet Doppler ultrasound (WDU), 3D energy Doppler 
ultrasonography [6, 7].

2. Aim of the research
To analyze the current literature data on the diagnostic significance of the study of hemody-

namics of uterine tumors by the method of dopplerometry in two- and three-dimensional regimens 
of echography to determine the direction of further scientific search for new markers of differential 
diagnosis of simple, proliferating leiomyomas and sarcoma of the uterus using three-dimensional 
echography.

3. The importance of the study of the hemodynamics of the uterine tumors by the method of 
dopplerometry in the two- and three-dimensional echography modes for differential diagnos-
tics of simple, proliferating leiomyomas and uterine sarcoma (review of literature).

The first reports on the use of the Doppler method for the differential diagnosis of benign 
and malignant formations of the female genital area were published in 1989 by three independent 
groups of researchers [8, 9]. It was then first proposed to use the parameters of the maximum 
arterial velocity (MAV) of the intra-tumoral blood circulation (V max) as differential-diagnostic 
criterion between leiomyoma and uterine sarcoma. However, at that time, the authors did not find 
significant differences between the resistance indices (RI) in the leiomyoma – 0.65 (0.42–0.90) and 
sarcoma of the uterus – 0.66 (0.33–0.77) [10].

In the future, in the world, a large number (count goes to thousands) of rather controversial 
results on the study of hemodynamics of simple, proliferating leiomyomas and sarcomas of the 
uterus was carried out, using two-dimensional dopplerometry to search for possible differential 
diagnostic criteria. One part of the authors considers the method to be informative; other research-
ers do not find reliable ultrasound differences between the blood flow in leiomyomas and uterine 
sarcomas [11, 12]. Thus, in a two-dimensional ultrasound with dopplerometry before surgery, a 
morphologically verified diagnosis of uterine leiomyosarcoma was established in studies in only 
13.8 % of cases [13], and according to other studies, the uterine body leiomyosarcoma at the preop-
erative stage was diagnosed in 68.8–70.8 % of cases of echography [5, 14 ].

Adherents of the of dopplerometry informativity in the differential diagnosis of benign and 
malignant tumors with the help of the Doppler method believe that the diagnosis is based on various 
features of the blood supply of these tumors. It is known that the vascularization of benign tumors 
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of the myometrium occurs due to the terminal branches of the uterine arteries. The blood flow in 
them is unidirectional, with low speed and constant diastolic component [15, 16]. Blood supply of 
malignant tumors occurs due to newly formed vessels, mainly capillary type, abnormal in form, 
chaotically located, having a deficiency of muscle tissue and a large number of arteriovenous anas-
tomoses [17, 18]. Blood flow in such vessels is characterized by high speed, low vascular resistance 
and various directions [19, 20].

Based on the analysis of the published data of the part of the studies whose authors consider 
the method of dopplerometry in the two-dimensional mode to be informative for the diagnosis 
of benign, borderline and malignant myometrium tumors, general differential diagnostic markers 
were identified: the localization of the detected vessels in the CDM regimen and the rate of vas-
cular blood flow, vascular resistance in the pulsed Doppler mode [1, 12]. For a simple leiomyoma, 
the absence of a central intra-node localization of blood vessels in the CDM regimen, a low rate of 
arterial and venous blood flow, as well as an average resistance of arterial blood flow in the regime 
of impulsive dopplerometry are most typical; in a leiomyoma with eating disorders, the absence 
of a central intra-node localization of blood vessels, a low rate of arterial and venous blood flow 
in combination with high arterial resistance were observed more often [3, 6]. For proliferating 
leiomyoma, the central intra-node localization of blood vessels and average blood flow velocities 
with low and medium resistance are characteristic [11, 19]. For sarcoma of the uterus with profuse 
vascularization, both at the periphery and in the center, high blood flow rates and low resistance are 
typical. The authors emphasize that there is information about the low specificity of this gradation, 
since the detection of a central type of vascularization and low resistance values can be in simple 
myomatous nodes with edema, eating disorders and destruction, and leads to diagnostic errors and 
suspicion of malignancy [5, 13].

Analysis of numerous publications on the evaluation of blood flow in the uterine arteries 
by the method of two-dimensional impulse-wave Doppler ultrasound in the ultrasonic differential 
diagnosis of benign and malignant tumors of the uterus has shown that it has not been finally solved 
[21, 22]. Many authors tend to believe that this technique is characterized by high sensitivity, but 
very low specificity [23, 24], since a decrease in the index of uterine artery resistance is observed, 
both with leiomyoma and with uterine sarcoma [11,12].

Long-term studies of dopplerometric parameters for various morphotypes of uterine leio-
myoma (simple, with secondary changes, proliferating) and uterine sarcoma led most researchers 
to conclude that the following assessment of the velocity characteristics of the blood flow is the 
following: the rate of arterial blood flow in the node (V max) is low ˂15 cm/s [6, 25], the average –  
15–40 cm/s, high – ˃40 cm/s [13, 26]. Resistance of arterial blood flow in the node (RI): high –  
≥0.7, medium – 0.45–0.69, low – ≤0.44. The velocity of venous blood flow in the node (VVmax): 
low – ˂6 cm/s, high – ≥6 cm/s [5, 15].

Based on the analysis of dopplerometric indicators of benign and borderline tumors of myo-
metrium, an attempt was made to develop a mathematical model that, in the opinion of the authors, 
would allow predicting the morphological type of uterine fibroids and a computer program “Prob-
ability Proliferation” was developed to simplify the application of the algorithm in practice, but it 
did not get a wide spread in diagnosis [1].

At the end of the 20th century, 3D-energy dopplerometry was used to objectify data on the 
hemodynamics of myometrium tumors with a quantitative assessment of the volume and intensi-
ty of the vascular channel flow with calculations of volumetric vascularization indices using the 
Virtual Organ Computer-aided Analysis (VOCAL) option, which allows quantifying the degree of 
severity perfusion of the tumor [17, 27]. To this end, some 3D indicators were proposed reflecting 
perfusion – the Vascular Index (VI), the Flow Index (FI), the Vascular Flow Index (VFI). The high-
er the value of these indicators, the greater the perfusion of the tumor [3, 28].

We analyzed data on the informativity of the 3D-energy Doppler ultrasound in the diagnosis 
of uterine tumors [29, 30]. The analysis showed that the patterns of changes in VI and VFI and FI 
in patients with uterine leiomyoma related to cycle phases and age, as well as in healthy women, 
in general, persisted [27, 31]. The assumption that the settings of the ultrasound scanner and the 
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cardiac cycle of women can influence the parameters of 3D energy dopplerometry in evaluating the 
vascularization of uterine leiomyoma have not been confirmed in the studies [32].

According to the published data, the indices of the three-dimensional blood flow indexes 
reflecting the hemodynamics of the uterus affected by the leiomyoma decreased as the volume of 
the uterus increased in such patients. Thus, when the uterus volume was 150 cm³, VI was more than 
4 times less than with a uterus volume of 75 cm³ (2.3 % and 9.7 %, respectively), and VFI was more 
than three times lower (0.9 and 3 .3, respectively). The authors concluded that such a dynamics of 
indicators of volumetric blood flow indices reflects a decrease in the vascularization of the uterus 
affected by the leiomyoma. The indices of the FI flux index in the studies were rather monotonous 
and did not have significant differences in the groups of women of different ages and in different 
volumes of the uterus lesion affected by the leiomyoma [2, 33].

After studying the perfusion of tumors in myometrium, the first very interesting results 
were obtained using 3D-energy Doppler. Thus, it was found that in comparison with healthy myo-
metrium (VI – 4.4 %, VFI – 1.6) in a simple leiomyoma of the uterus with ischemia and edema 3D 
perfusion indices were significantly less (VI – 0.9 %, VFI – 0.3), while in the proliferating uterine 
leiomyoma – significantly more (VI – 6.6 %, VFI – 2.8) [34].

This allowed researchers to look for more reliable differential diagnostic criteria for benign 
and malignant tumors of myometrium with the help of 3D echography, in comparison with the 
two-dimensional echography, in connection with which the study of volumetric indices of vas-
cularization with the use of the VOCAL option of 73 patients with myometrium tumors in the 
subsequent surgical treatment was performed. In retrospect, the authors compared the information 
content of these two- and three-dimensional ultrasound studies. Including indicators of volumetric 
indices of vascularization – VI, FI, VFI, and were compared with the results of the histological 
structure of the removed tumors (simple leiomyoma, proliferating leiomyoma, sarcoma of the uter-
us). The study of uterine perfusion by the method of 3D energy Doppler ultrasound allowed the 
authors to conclude that the threshold value of VI proliferating uterine and sarcoma leiomyoma 
should be considered 7.0 %. When comparing the degree of vascularization of the node and the 
uterus as a whole, the following regularity was revealed: a simple myoma always had VI, FI, VFI 
is less than the uterus as a whole, while in the cases of proliferative leiomyoma and sarcoma of 
the uterus the value of these indices proved to be significantly higher than the uterus as a whole. 
The authors concluded that to take a decision on the method of treatment of patients with uterine 
leiomyoma, the data of 3D energy dopplerography with a quantitative evaluation of the volume and 
intensity of the blood flow of the uterine vascular bed and nodes with calculations of volumetric 
indices of vascularization using the VOCAL option should be taken into account, which, in their 
opinion, turned out to be especially significant [2, 3].

4. Results
Based on the review of the literature data on the importance of the study of hemodynamics 

of uterine tumors by the method of dopplerometry in the two-dimensional mode of echography for 
differential diagnosis of simple proliferating leiomyomas and sarcomas of the uterus, the specificity 
of known ultrasonic and dopplerometric indicators in the detection of oncopathology is clear [35, 36].

Three-dimensional echography, according to the literature, has become a new stage in the 
development of ultrasound diagnostics in the detection of uterine pathology [37, 38]. The study of 
perfusion of myometrium tumors using the 3D-energy dopplerometry method allows us to hope for 
a search for more reliable method, in comparison with the two-dimensional regime, and malignant 
tumors of myometrium. However, many questions of this problem remain unexplored, and the ob-
tained data are contradictory. The number of published works is not numerous and is presented in a 
small number of observations. A single diagnostic algorithm for detecting this pathology using the 
methods of three-dimensional ultrasound is absent.

5. Conclusions
1. Analysis of the literature data showed that the place of three-dimensional ultrasound in 

the diagnosis of myometrium tumors is not definitively determined. In this connection, it is actual 
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to search for new three-dimensional ultrasound and dopplerometry diagnostic differential diag-
nostic criteria that allow excluding or minimizing the subjective component of the study, which is 
characteristic of a two-dimensional echography.

2. Development and introduction of a new method for diagnosing simple, proliferating leioe-
myomas and sarcomas of the uterus using various techniques of three-dimensional echography 
with the development of quantitative parameters of 3D energy dopplerometry will significantly 
increase the level of ultrasonic diagnostics in oncogynecology.
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