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Abstract: Evaluate the efficiency of intrauterine irrigation of cavitated low-frequency sonication drug solution in restoring 

of endometrial receptivity in patients with uterine infertility. 92 women with uterine infertility due to endometrial hypoplasia 

were examined in the dynamics of therapy including irrigation of the uterine cavity with cavitated low-frequency ultrasound 

with drug solutions. The control group consisted of 28 healthy fertile women. An ultrasound examination of the pelvic organs 

with color dopplerogragy, histological and immunohistochemical study of the endometrium was performed on the 

"implantation window" LH + 7, in dynamics before the start of therapy and in the next cycle after the end of treatment. After 

cavitation irrigation of the uterine cavity, 62 (67.39%) women with infertility in the endometrial specimens had adequate 

vascularization of the stroma (before treatment, 36.95%, p=0.017, in control 78.57%), in 68 (73, 91%) women - a decrease in 

the density of the stromal matrix, in 64 (69.56%) - according to light microscopy data, mature pinopodia were determined 

(initially 28.26%, p=0.0015). On the background of therapy, the ratio of ERα / PR expression in the stroma of the implantation 

endometrium was normalized, which was characterized by the prevalence of the PR pool (1.01±0.34 before treatment, 0.36 ± 

0.03 after therapy, p = 0.040, in control 0.34±0.06, p> 0.05). The parameters of stromal expression of natural uterine killers 

CD56 + bright against the background of treatment in patients with infertility come in accordance with the indices of healthy 

fertile women (from 35.21 ± 2.14 cells in l/s to 45.75±3.18 cells l/s; in the control 47.8±2.13 cells in l/s; p> 0.05). A significant 

decrease in stromal expression of CD3+ is noted: 78.17±6.89 cells in l/s versus 23.83±3.63 cells in l/s; p=0.004. The 

expression level of CD34 in the endometrial stroma after the treatment was significantly increased (20.88±0.77 cells in l/s 

versus 33.83±3.63 cells in l/s, p=0.035). The use of G-CSF cavitaion solutions for irrigation of the uterine cavity appears to be 

effective in restoring tissue and molecular endometrial receptivity in patients with uterine infertility due to endometrial 

hypoplasia. 

Keywords: Uterine Infertility, Endometrial Hypoplasia, Cavitation Irrigation of Uterine Cavity,  

Granulocyte Colony-Stimulating Factor 
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1. Introduction 

Significant successes of reproductive medicine, achieved 

over the past decades, did not solve the problem of reducing 

the demographic resources of our country. According to the 

World Health Organization, the frequency of infertile 

marriages in Russia exceeds 15%, which is considered a 

critical level for the reproduction of the nation's population 

[1-3]. With the introduction of assisted reproductive 

technologies, the paradigm of the leading factor of infertility 

has changed: the dominant position now occupies the uterine 

factor, which is up to 62% in the structure of the 

unreasonable causes of female infertility in the population of 

Russian women [4-5]. 

The violation of full implantation in the transfer of good 

quality embryos in connection with the non-receptive 

endometrium is the most significant cause of reproductive 

failures of ART, occupying up to 70% in their structure [4, 6]. 

The focus of scientific interest in recent years is research 

devoted to the study of the receptivity of the endometrium in 

the pathology of implantation associated with infertility and 

habitual miscarriage of pregnancy. 

The most serious problem is the lack of measures to 

influence the non-receptive endometrium. The methods 

described in the literature for improving the receptivity of the 

endometrium are scattered and have a very low evidence 

base. The problem of the susceptibility of the endometrium to 

drug factors is related to the lack of an application point for 

therapeutic effects [7-8]. The effectiveness of hormonal 

therapy of refractory endometrium (level of evidence C) is 

insufficient 42%-48% [9]. Drugs, that improve 

microcirculation and rheology of blood, act at the systemic 

level, without leading to significant improvements in 

reproductive outcomes. 

Difficulties in drug treatment for patients with endometrial 

dysfunction associated with infertility are associated not only 

with a decrease in the susceptibility of the endometrium due 

to a change in the pattern of expression of its receptor 

proteins, but also due to damage to the terminal branches of 

the vasculature of the uterus, which impedes the delivery of 

active substances to the tissues. These circumstances 

determined the search for fundamentally different factors of 

influence on the non-receptive endometrium, as well as 

technologies for delivering medicinal substances to the 

affected tissues using physical energies. 

The aim of the work is to study the effectiveness of 

intrauterine irrigation of cavitated low-frequency sonication 

drug solution in restoring of endometrial receptivity in 

patients with uterine infertility. 

2. Material and Methods of Investigation 

An open, prospective, randomized controlled study of 92 

women with a uterine infertility form due to endometrial 

hypoplasia. The control group consisted of 28 healthy fertile 

women who did not have a history of miscarriages, who had 

an anamnesis of urgent labor through natural birth canals 

without deviating from the physiological course of pregnancy 

and labor, resulting in the birth of healthy children. 

Criteria for inclusion in the study: reproductive age (18 - 

40 years); uterine infertility factor due to endometrial 

hypoplasia; thickness of the endometrium is not more than 7 

mm per day LH + 7 (the period of the supposed 

"implantation window"), normal coagulation. 

Exclusion criteria: age less than 18 and over 40 years; 

oncological diseases, somatic pathology, in which pregnancy 

is contraindicated; Infertility not associated with endometrial 

hypoplasia. 

The technology of ultrasound receipt provided for three 

courses of irrigation of the uterine cavity for five procedures 

each, conducted monthly. The first course of the procedures 

was performed in the early follicular phase on the 7-9th day 

of the menstrual cycle, as a sounded medium, a saline 

solution was used - 0.9% sodium chloride solution. 

The third course was conducted starting 7 days after 

ovulation (LH + 7), during the "implantation window". The 

medium Filgrastim® (Reg. No. LSR-002698/10) at a dose of 

300 µg / ml diluted in 200 ml of a 5% dextrose solution was 

used as the medium. The dose of Filgrastim® in the prepared 

solution was 3 µg / ml. 

For irrigation, the Fotek AK-100-25 apparatus with an 

improved intrauterine tip AA 211 was used, excluding the 

tubular reflux of the drug substance during the procedure. 

The infusion rate of the drug is 100 ml / min. The frequency 

of ultrasonic vibrations is 25 kHz, the duration of the 

procedure is 3-5 minutes. 

This study was preceded by a scientific experiment on the 

study of the effect of ultrasonic waves of low frequency (25 

kHz) minutes on the stability of the molecules of the active 

substance of the preparation Filgrastim® - granulocyte 

colony-stimulating growth factor - using the mass 

spectrometry method on the ultra-high resolution quadra-

polarity mass spectrometer maXis impact HD, Bruker 

Daltonik GmbH. Based on the protocol No. 74 of 

27.04.2015, mass spectrometric analysis of the molecules of 

the active substances of the drug Filgrastim® before and after 

treatment with low-frequency ultrasound in the spectrum of 

the range 20-25 kHz for 300 seconds indicates a stable state 

of the molecules and their absence of fragmentation against 

the background of ultrasound impact. 

The endometrial examination was performed on the day of 

the alleged "implantation window" of LH + 7, determined 

from the urinary test for ovulation, in dynamics before the 

start of therapy and in the next cycle after the end of 

treatment. 

Endometrial biopsy specimens for histological 

examination were fixed in 10% neutral formalin, enclosed in 

paraffin, sections 5 µm thick and stained with hematoxylin 

and eosin. Microscopic examination was carried out on a 

Carl Zeiss Primo Star microscope (Germany). 

For the IGH study, a two-step streptavidin-biotin-

peroxidase method was used, with antigen unmasking and 

using standard sets of monoclonal and polyclonal antibodies 

from Bond RTU Primary and DAKO, USA. On the paraffin 
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sections, the following markers were detected using the 

standard standard antibodies with a preliminary unmasking 

of the antigens in the microwave oven using the appropriate 

standard antibodies: ERα, clone 6F-11; PR, clone 16; p53, 

clone DO-7; bcl-2, clone 100 / D5; CD34
+
, clone QBEnd / 

10; CD3
+
, clone LN10; CD20

+
, clone MJ1; CD56

+
, clone 

1213C3, Ki67, clone SP6; polyclonal antibodies to CD138
+
, 

p16, VEGF-A, VEGFR-1, CD62L, LIF-R, LIF, Noxa; G-

CSF, clone 2D10; HIF-1alpha, clone OZ12. 

The reaction was carried out by the visualization system 

"Dako Cytomation". For visualization of primary antibodies, 

a beige-biotin detection system was used for the Super 

Sensitive Polymer-HPR Detection System (Biogenex). 

Serial paraffin sections were used for 

immunohistochemical studies. The results of the reaction of 

the receptors to estrogens and progesterones were identified 

by nuclear or membrane staining of the cells for the 

respective markers with an estimate of the percentage of 

stained cells and the intensity of the cell staining. Expression 

of receptors for estrogens and progesterones was assessed on 

a 3-point scale (weak, medium and severe degree). To 

analyze the results of IHC reactions, the method of 

histological counting of H-score was used according to the 

formula: HS = 1a + 2b + 3c, where a -% of weakly stained 

cells, b -% moderately stained cells, c -% strongly colored 

cells, 1, 2, 3 - Intensity of staining, expressed in points. 

To estimate the level of expression of Ki-67, bcl-2, p16, 

NOXA antigens in glands, indices of proliferation and 

apoptosis were calculated - the ratio of the number of stained 

cell nuclei to the total number of nuclei in percent when 

counting at least 400 nuclei. The expression of Ki-67, bcl-2, 

p16, NOXA in the stroma was estimated by counting the 

number of stained nuclei in the field of view at an increase of 

400, and at least 10 fields of vision were studied. CD3
+
, 

CD20
+
, CD56

+
, CD138

+
 expression was assessed by 

counting positive cells in the field of view at 400 

magnification while counting at least 10 fields of vision. 

Expression of CD34
+
, HIF-1α, VEGF-A and VEGF-R1 

was determined in epithelium, endometrial stroma and 

vascular endothelium. Activity manifested itself in the form 

of membrane staining and cytoplasm of epithelial and 

endothelial cells. 

Expression of CD62L, LIF and LIF-R was determined on 

the membranes of surface epithelial cells of endometrial 

glands by counting the number of stained cells in the field of 

vision at an increase of 400, with at least 10 fields of vision 

being studied. 

Statistical analysis of the data was carried out using the 

Statistica 7.0 application software package. The results were 

processed using variational statistics and presented in the 

form M±m. Evaluation of the reliability of differences in 

mean values and relative indicators was carried out using the 

t-test (Student's test). For the level of significance in the 

study, P <0.05 is accepted. The differences between the 

nonparametric variables were carried out using Pearson's χ2 

(Person). Relative risk was assessed by odds ratio (OR) with 

a 95% confidence interval (95% CL). The null hypothesis 

was rejected at p <0.05. 

3. Results 

The average age of the examined women was 33.13 ± 0.72 

years in the main group and 32.52 ± 0.68 years in the control 

group; p> 0.05. The groups were comparable in age. 

The main nosology that forms the clinical picture of the 

uterine form of infertility associated with the "thin" 

endometrium was chronic endometrium, verified in 68.47% 

of observations. Chronic endometritis was often combined 

with inflammatory diseases of the lower part of the 

reproductive tract (56.52% vs. 7.14% in the control, p = 

0.04). About one third of patients in the main observation 

group (28.26%) suffered from chronic adnexitis and had a 

history of sexually transmitted infections. The structure of 

organic lesions of the uterus, leading to impaired fertility, 

was represented by Asherman's syndrome in 23.91%, 

malformations of the uterus (7.69%). 

A peculiarity of the obstetric anamnesis of patients with 

infertility associated with the "thin" endometrium is the 

dominance of secondary infertility (67.39% of women). In 

this case, only one third of patients of the first group 

(35.48%) had infertility secondary to infertility. Mainly 

secondary infertility was preceded by a series of medical 

abortions of undeveloped pregnancies (an average of 2.46 ± 

0.54 abortions), or spontaneous abortions (an average of 1.86 

± 0.56 abortions per patient in this group). 

According to the history, the dominant position in the 

structure of reproductive losses in patients of the main 

observation group belongs to the undeveloped pregnancy 

(63.83%), which can be considered one of the clinical 

manifestations of endometriopathy. A high incidence of 

surgical abortion in anamnesis in patients with infertility 

(40.21%) associated with a "thin" endometrium is indicated. 

Auxiliary reproductive technologies were used by 69.56% of 

patients of the main group. The number of attempts of IVF, 

undertaken by women with infertility and endometrial 

hypoplasia, reached 6, which indicates the absence of the 

effect of ART programs in these patients. 45.65% of the 

patients in the main group belonged to the recurrent 

implantation failure category and had 2 or more unsuccessful 

IVF attempts. 

One of the primary control criteria for the effectiveness of 

treatment in our study was a change in the thickness of the 

endometrium after treatment. In women of the main group 

after the 3 courses of LFU of the uterine cavity the average 

M-echo index increased significantly with ME 6.0 (5.5 ÷ 6.3) 

mm to ME 8.6 (8.4 ÷ 8.7) mm, p <0.05, and became 

statistically indistinguishable from the control ME values of 

8.2 mm (7.8 ÷ 8.64), p> 0.05. In this case, normalization of 

the thickness of the endometrium (more than 7 mm) in the 

main group was observed in 93.8% of patients, which 

significantly exceeded the results of other treatment methods 

given in the literature [4-5]. 

After the treatment, the patients of the main group showed 

a significant decrease in the frequency of the abnormal 
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sonographic picture of the endometrium after the first course 

of procedures for irrigation of the uterine cavity with 

cavitated solutions - a non-uniform endometrial picture was 

statistically significantly less (76.6% before treatment and 

43.8% after first course, p <0.05), hyperechoic inclusions in 

the basal layer (79.7% and 42.2%, respectively, p <0.05). 

After third course of procedures, the normal picture was 

determined in 80.9% of cases. 

Improvement of blood circulation in the vascular tree of 

the uterus is a necessary condition for restoring the 

receptivity of the endometrium. As a result of therapy in 

women of the main group, the visualization of the uterine 

vessels during CDC (basal arteries - from 75% and spiral 

arteries - from 53.1% to 100%, p = 0.001), statistically 

significantly decreased the pulsation index in the uterine 

arteries. 

Hysteroscopic signs of CE after 3 courses of procedures 

for cavitation irrigation of the uterine cavity were revealed in 

the main group in 10 patients (15.6% versus 42.2% before 

treatment, p = 0.001). 

The analysis of the morphological picture of the 

endometrium in the dynamics of therapy with the use of 

cavitation irrigation of the uterine cavity with the solution of 

the granulocyte colony-stimulating factor established the 

restoration of synchronization of the maturation of 

endometrial glands in the middle secretory phase of the 

menstrual cycle in the majority (82.61%) of the samples of 

the implantation endometrium of the main group of women, 

which is indistinguishable from of the control values of 

74.42% (p> 0.05), whereas before treatment, only 57.77% of 

the endometrial specimens were histologically consistent 

with the mean stage of secretion (Table 1). 

In patients of the main group, the frequency of verification 

during the "implantation window" of endometrial specimens 

with glands in the proliferation stage decreased to 10.86%, 

compared to 37.03% before treatment, p = 0.016. This 

indicates normalization of systemic and paracrine regulation 

of the interaction of the stromal and glandular components of 

the endometrium against the background of complex therapy. 

Table 1. Morphological characteristics of endometrium in patients with infertility due to endometrial hypoplasia in the dynamics of therapy, LG7+, (%, χ2, p) 

  

Before treatment 

n=92 

P%±m / abs. N0 

After treatment 

n=92 

P%±m / abs. N0 

Control 

n=28 

P%±m / abs.N0 

χ2 / р 

1 2 3 χ2 / р1-2 χ2 / р1-3 χ2 / р2-3 

1 Corresponds to the phase of the cycle 
82.61±7.01% 86.95±7.12% 89.28±6.16% 0.432 0.661 0.035 

38 40 25 0.243 0.416 0.849 

2 Uniform distribution of glands 
50.00±8.98% 73.91±8.08% 81.14±7.61% 4.329 6.331 0.058 

23 34 23 0.012 0.011 0.758 

3 
Glands in late proliferation: marked 

chronometric lag 

37.03±3.71% 10.86±3.64% 10.71±5.22% 6.423 6.745 0.224 

17 5 3 0.016 0.016 0.217 

4 
Glands in early secretion: moderate 

chronometric lag 

28.26±8.71% 21.73±7.82% 21.42±8.15% 0.822 0.269 0.095 

13 10 6 0.251 0.603 0.876 

5 
Glands in the middle secretion phase: 

chronometric compliance 

71.73±8.07% 82.61±8.16% 74.42±8.59% 0.961 0.035 1.235 

33 38 20 0.327 0.847 0.127 

6 
Glands in late secretion: moderate 

chronometric advance 

17.39±7.01% 8.69±2.75% 10.71±6.39% 3.019 0.596 0.748 

8 8 3 0.082 0.45 0.749 

7 Mellow stroma 
21.73±7.42% 73.91±7.18% 85.71±6.96% 14.327 16.286 1.545 

10 34 24 0.001 0.001 0.083 

8 Dense stroma 
69.56±8.32% 23.91±8.85% 10.71±6.16% 12.323 19.924 0.364 

32 11 3 0.002 0.0001 0.696 

9 Vessels of the stroma narrowed 
21.73±7.42% 13.04±5.14% 7.14±1.32% 1.832 2.371 0.043 

10 6 2 0.078 0.123 0.873 

10 Severe vascular component of the stroma 
36.95±8.65% 67.39±6.16% 78.57±8.15% 6.627 9.638 0.147 

17 31 22 0.011 0.0019 0.798 

11 Presence of pinopodia 
28.26±7.52% 69.56±8.84% 82.14±7.6% 6.607 11.124 0.807 

13 32 23 0.015 0.008 0.636 

12 Endometrial polyps 
21.73±7.42% 10.86±5.16% 17.85±7.61% 1.238 0.101 1.768 

10 5 5 0.256 0.749 0.174 

13 Chronic endometritis 
32.61±8.32% 6.52±3.16% 7.14±2.1% 11.578 5.137 0.567 

15 3 2 0.001 0.013 0.878 

* With regard to the Bonferoni amendment. when comparing three observation groups. differences at a significance level of p <0.017 are considered reliable. 

The most important effect of ultrasonic cavitation therapy 

is its effect on the stroma of the endometrium. After 

cavitation irrigation of the uterine cavity. 73.91% of women 

with infertility managed to reduce the density of the stromal 

matrix of the endometrium. which is important in the 

secretory remodeling of the endometrium during the 

"implantation window". Friable stromal fibers had uniform 

vascularization in the endometrial specimens of the major 

groups with good vascular clearance and a uniform 

distribution of glands in the secretion stage. In 67.39% of 

women with infertility on the background of ultrasonic 

cavitation therapy in the endometrial specimens. an adequate 

vascularization of the stroma was noted (before treatment 

36.95%. p = 0.017. in control 78.57%). 

The pronounced narrowing of the stroma vessels. the 

depletion of the stromal matrix by the vascular component. 
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signs of vascular sclerosis were noted much more rarely after 

complex therapy - in 13.69% of women with infertility 

(before treatment - 21.73%. respectively). 

The effect of complex therapy using ultrasonic cavitation 

irrigation of the uterus cavity also touched the markers of 

tissue receptivity of the endometrium. There was a significant 

increase in the pool of mature pineapodia in endometrial 

specimens detected by light microscopy data during the 

"implantation window" in women with infertility compared 

with the initial picture before treatment (69.56% vs baseline 

28.26%. p = 0.0015). 

 

Figure 1. Before treatment: Intensive nuclear expression of ERα with glands 

and stroma of the implantation endometrium (LG7 +). which is observed 

when the endometrial receptivity is impaired. Light microscopy; 

magnification x 400. 

In a comparative analysis of the tissue receptor status of 

patients with reproductive failures associated with 

endometrial hypoplasia. a number of positive aspects related 

to changes in endometrial steroid receptors in observation 

groups are noteworthy in the dynamics of therapy. 

Normalization of the ERα pool in the stroma and endometrial 

glands in the middle luteal phase of the cycle was observed 

in all the observation groups to a level statistically 

corresponding to the control values (Table 2). In this case. 

after treatment. significant differences in the expression level 

of ERα in the glands of the implantation endometrium of 

infertile patients disappeared after treatment: 231.09 ± 8.76 

points. against 198.47 ± 18.68 points in the control. p = 0.044 

to treatment and 222.78 ± 14.22 points against 198.47 ± 

18.68 in the control. p> 0.05. after therapy (Figure 1. 2). 

Due to this. the ratio of ERα / PR expression in the stroma 

of the implantation endometrium has been normalized in 

these patients. which is characterized by a predominance of 

the progesterone receptor pool (Fig. 2). 

 

Figure 2. After therapy: the correct pattern of PR expression in the 

implantation endometrium: intensive expression of PR in stromal nuclei and 

disappearance of PR expression in the endometrial gland nuclei (cycle day 

LG7 +). Light microscopy. magnification x 400. 

This indicator. which significantly exceeded the control 

values before treatment (1.01 ± 0.34 before treatment. 

compared with 0.34 ± 0.06 in the control. p = 0.040). after 

therapy statistically corresponds to the parameters of the 

control group (0.36 ± 0.03 against 0.34 ± 0.06 in the control. 

p> 0.05). The same trend is noted in the endometrial glands 

of the main observation group; however. there are no 

significant differences in the parameters in the dynamics of 

therapy (Table 2). 

Table 2. Immunohistochemical parameters of expression of cellular and molecular markers of the receptive function of the endometrium in women with uterine 

infertility due to endometrial hypoplasia in the dynamics of therapy (M ± m; p) 

Parameters 
Main group: Patients with uterus infertility (n= 92) Control group 

(n=28) 
p 

Before treatment After treatment 

 1 2 3  

ERα in stroma. points of h-score 117.19±10.05 101.56±18.75 95.53±15.30 NS 

ERα in glands. points of h-score 231.10±8.76 222.78±14.22 198.47±18.68 р1-3 = 0.044 

PR in stroma. points of h-score 265.48±5.13 266.67±7.41 263.47±17.13 NS 

PR in glands. points of h-score 214.71±13.02 231.00±21.06 231.21±24.44 NS 

ERα/PR in stroma 0.45±0.04 0.32±0.08 0.34±0.06 
р1-2 = 0.042 

р1-3 = 0.040 

ERα/PR in glands 1.75±0.30 1.08±0.48 1.17±0.29 NS 

СD 3
+ in stroma. cells in vision fields 78.17±6.89 23.83±3.63 3.00±1.50 

р1-2 = 0.001 

р1-3 = 0.000 

p2-3 = 0.003 

CD 3+ in glands. cells in vision fields 50.56±4.61 26.00±5.48 11.00±1.53 
р1-2 = 0.021 

р1-3 = 0.015 

CD 20+ in stroma. cells in vision fields 25.71±5.42 2.75±0.26 0.80±0.41 
р1-2 = 0.031 

р1-3= 0.015 

CD 20+ in glands. cells in vision fields 6.13±1.32 2.52±0.29 3.00±1.47 NS 

CD 56+ in stroma. cells in vision fields 35.21±2.14 45.75±3.18 47.8±2.13 р1-2= 0.032 

CD 56+ in glands. cells in vision fields 7.32±1.12 17.28±2.32 14.56±2.14 р1-5 = 0.035 

CD138+ in stroma. % of colored cells 21.81±3.41 7.23±2.78 0 р1-2= 0.035 



 Journal of Gynecology and Obstetrics 2018; 6(4): 98-107 103 

 

Parameters 
Main group: Patients with uterus infertility (n= 92) Control group 

(n=28) 
p 

Before treatment After treatment 

 1 2 3  

G-CSF in stroma. points of h-score 116.45±11.94 125.00±16.83 128.33±22.63 NS 

1 2 3 4 5 

G-CSF in glands. points of h-score 232.74±10.19 226.67±16.22 258.80±12.20 NS 

Ki 67 in stroma. % of colored cells 26.60±3.10 23.00±1.20 34.00±5.08 NS 

Ki 67 in glands. % of colored cells 64.44±8.41 55.00±10.76 75.00±19.06 NS 

р 53 in stroma. % of colored cells 34.86±5.68 53.00±2.12 81.81±7.61 
р1-2 = 0.034 

р1-3= 0.015 

р 53 in glands. % of colored cells 59.29±7.08 72.00±8.01 93.83±1.23 р1-3= 0.025 

bcl 2 in stroma. % of colored cells 27.50±3.73 14.38±1.63 12.25±3.59 NS 

bcl 2 in glands. % of colored cells 62.38±4.06 22.33±4.32 23.00±3.07 
р1-2 = 0.004 

р1-3 = 0.009 

NOXA in glands. points of h-score 254.19±8.12 234.44±15.94 274.44±13.31 NS 

LIF in glands. points of h-score 120.00±5.90 143.33±6.20 132.22±10.19 р1-2 = 0.047 

LIF-R in stroma. points of h-score 67.74±10.92 103.75±8.49 85.56±19.31 
р1-2 = 0.001 

p1-3 = 0.022 

LIF-R in glands. points of h-score 123.55±12.02 140.00±18.09 165.56±23.16 
p1-3 = 0.043 

 

CD 62-L in glands. points of h-score 207.07±11.70 235.00±11.84 171.29±19.41 р2-3 = 0.003 

CD 34+ in stromal endothelium. cells in vision fields 20.88±0.77 33.83±3.63 37.99±1.23 
р1-2 = 0.035 

p1-3 = 0.026 

VEGFR1 

in stroma. points of h-score 
43.00±5.62 25.44±9.59 15.02±3.97 р1-3 = 0.033 

VEGFA 

in stroma. points of h-score 
216.00±9.05 231.67±14.16 268.00±10.38 р1-3 = 0.018 

VEGFA/ VEGFR1 5.02±0.62 14.62±0.68 17.87±2.38 
p1-2 =0.008 

р1-3 = 0.013 

HIF 1-α in stroma. % of colored cells 6.52±0.26 6.43±0.46 5.02±0.55 NS 

HIF 1-α/СD34 1.18±0.52 0.34±0.02 0.27±0.03 NS 

 

Concerning the presentation of immunocompetent cells in 

the implantation endometrium. there is a pronounced 

dynamics in the expression level of CD3
+
. CD20

+
. CD56

+
. 

CD138
+
 on the background of therapy. There was a 

significant decrease in stromal CD3
+
 expression in the main 

observation group: from 78.17 ± 6.89 cells in vision field (vf) 

to 23.83 ± 3.63 cells in vf; p = 0.004. At the same time. the 

reliability of the differences in these indicators relative to the 

control values is lost (Table 2). Similarly. against the 

background of treatment. there was a decrease in the level of 

CD3
+
 expression in the endometrial glands in the main 

observation group: from 50.56 ± 4.61 cells in vf up to 26.00 

± 5.48 cells in vf; p = 0.021. On the background of therapy. 

the stromal expression of CD20
+
 was reduced to a level 

corresponding to healthy fertile women (from 25.71 ± 5.42 

cells in vf to 2.75 ± 0.26 cells in vf. p = 0.031). 

The parameters of stromal expression of natural uterine 

killers CD56
+
 bright against the background of treatment in 

patients with infertility come in line with the indices of 

healthy fertile women (from 35.21 ± 2.14 cells in vf to 45.75 

± 3.18 cells in vf; in the control 47.8 ± 2.13 cells in vf; p> 

0.05). In the glands of the implantation endometrium. 

changes in the expression level of CD56
+
 on the background 

of therapy appear to be more pronounced. The statistically 

significant decrease in the expression level of CD56
+
 bright 

in the endometrial glands of infertile patients before initiation 

of therapy (7.32 ± 1.12 cells in vf against 14.56 ± 2.14 cells 

in vf in the control. p = 0.035) disappears by the time the 

treatment is completed (17.28 ± 2.32 cells in vf compared to 

14.56 ± 2.14 cells in vf. p> 0.05). 

Against the background of therapy. there was a significant 

decrease in the expression of the marker of chronic 

endometritis CD138
+
 in the stroma of the endometrium of the 

main group of women. If CD138
+
 expression was detected 

before treatment in 73.33 ± 13.28% of the endometrial 

samples of the main group of women. after the initiation of 

therapy. the detection rate of antibodies to CD138
+
 in this 

group was 11.11 ± 7.12%. indicating a significant decrease in 

this indicator (p = 0.014). 

There were no significant changes in the expression level of 

M-CSF in the stroma and glands of the endometrium (Table 2). 

There was no significant difference in the background of 

therapy in the expression of the Ki67 proliferation marker in 

the stroma and glands of the implantation endometrium in the 

patients of the main group. 

The implantation process is always accompanied by 

activation in the glands. stroma. superficial epithelium and in 

the vessels of the endometrium of p53-dependent apoptosis 

[7. 10]. This physiological mechanism is estrogen-dependent 

and is regulated by the effect of ESR1 on bcl-2 transcription 

regulated by C-Jun proteins [11]. The biological meaning of 

this phenomenon during implantation is associated with the 

mobilization of endometrial cells for normal adhesion of the 

blastocyst and invasion of the trophoblast into the stroma and 

spiral arteries of the uterus. 

In patients with infertility after ultrasonic cavitation 

irrigation of the uterine cavity. activation of p53-dependent 

apoptosis in the stroma of the endometrium was noted. In the 
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glands of the implantation endometrium of the main 

observation group. the same tendency to activation of p53 

dependent apoptosis was noted; however. the differences in 

valuesafter the therapy did not reach the level of reliability. 

In patients of the main observation group. the dynamics of 

the expression of the protooncogenous inhibitor of apoptosis 

of bcl-2 in the stroma and glands of the implantation 

endometrium differed from the background of therapy. In the 

endometrial glands of patients with infertility. the expression 

level of the bcl-2 apoptosis inhibitor decreased almost 3-fold 

against the background of therapy (from 62.38 ± 4.06 to 

22.33 ± 4.32%. p = 0.009). In the endometrial stroma. 

changes in bcl-2 expression in the dynamics of therapy are 

statistically insignificant (Table 2). 

There was no significant change in the expression level of the 

NOXA protein in the implantation endometrium in the dynamics 

of therapy in women of the main observation groups. 

In patients with infertility. the initially low LIF expression 

(Figure 3A. B) after therapy becomes significantly 

indistinguishable from the control group of women (initially 

120.00 ± 5.90 points. in control 132.22 ± 10.19 points. p = 

0.023. after therapy. 143.33 ± 6.20 points. p = 0.047). 

 

Figure 3. A. Before treatment: Weak cytoplasmic expression of LIF in the 

stroma and glands of the endometrium when its receptive properties are 

violated (cycle day LG7 +). Light microscopy. Increase x 400. 

B. After therapy: Significant cytoplasmic expression of LIF in the glands and 

stroma of the receptive endometrium (day of the LG7 + cycle); Light 

microscopy. magnification x 400. 

At the same time. in patients with infertility. a significant 

increase in stromal receptions of LIF-R (67.74 ± 10.92 points 

against 103.75 ± 8.49 points. p = 0.001) was noted against 

the background of therapy. In the endometrial glands of both 

observation groups. there was a positive trend towards an 

increase in LIF-R expression after therapy. but the LIF-R 

receptor fusion pool remained below the control values 

(Figure 4A. B). 

 

Figure 4. A. Before treatment: Weak and uneven expression of LIF-R on the 

surface of endometrial glands and in stromal nuclei when endometrial 

receptivity is impaired (cycle day LG7 +). Light microscopy. Increase x 400. 

B. After therapy: Intensive nuclear expression of LIF-R on the surface of the 

glands of the receptive endometrium (day of the LG7 + cycle); Light 

microscopy; magnification x 400. 

The results of the study confirm that one of the leading 

links in the pathogenesis of the development of "thin" 

refractory endometrium is the violation of vascular stromal 

remodeling and cytoangiarchitecture of the vascular tree of 

the uterus. In the study of CD34
+
 endothelial cell marker 

expression in implantation endometrium samples in the 

dynamics of therapy with the use of granulocyte 

colonimulating factor. its significant increase was noted in 

patients with infertility (20.88 ± 0.77 cells in vf versus 33.83 

± 3.63 cells in vf. p = 0.035). Initially low values of CD34 

(Figure 5) in these patients after therapy corresponded to the 

level of control indices (37.99 ± 1.23 cells in vf. p> 0.05). 

 

Figure 5. After therapy: intensive expression of the endothelial cell marker 

CD34 in the stroma of the receptive endometrium (LG7 +). Pinopodia (P) 

are seen on the superficial epithelium; Light microscope; magnification x 

400. 

The endometrium of the women in the main observation 

group after therapy was less likely to express the anti-

angiogenic factor VEGFR-1. the reliability of the differences 

in the level of expression of which with the control values is 

lost after the therapy (Table 2). In the group of patients with 

infertility. the initially low expression of the activation factor 

of VEGF-A angiogenesis activation after the therapy became 

statistically indistinguishable from the control values (216.00 

± 9.05 points before therapy. 231.67 ± 14.16 points after 

treatment and 268.00 ± 10.38 points in the control. p> 0.05). 

The ratio of VEGF-A / VEGF-R1. which determines the 

angiogenic potential of endometrial tissue. had significant 

growth in the main group of the treatment in the course of 

therapy. approaching statistically to control values (from 5.02 

± 0.62 to 14.62 ± 0.68. p = 0.08. 11.22 ± 2.95 in the control). 

There were no significant changes in the level of HIF1α 

expression in the endometrial stroma in the dynamics of 

therapy. 

4. Discussion 

Numerous experiments have shown that low-frequency 

ultrasound has a potentially important effect on the functional 

activity of cells. which can significantly affect tissue repair 

and regeneration processes in vivo. Low-frequency 

ultrasound causes dilatation of blood vessels and an increase 
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in regional blood flow by 2-3 times. initiates favorable 

changes in the microcirculatory bed. and endothelium of the 

vessels. activates angiogenesis and the development of 

collateral blood flow [12-14]. American scientists Altland 

O.D. et al. (2004) for the first time published data on the NO-

dependent mechanism of vasodilation. which is due to the 

stimulation of NO synthase activity in the human endothelial 

cell line HUVEC in vitro under the influence of low-

frequency low-intensity ultrasound [15]. Fresh works by 

Japanese scientists Hanawa K. and Shindo T. et al. (2014) 

confirmed the activation of angiogenesis and an increase in 

the density of capillaries in cardiomyocytes when low-

frequency ultrasound was used. both in in vitro experiments 

(the LIPUS human endothelial cell line) and in the in vivo 

pig model [16-17]. Huang J. et al. (2015) showed that the 

activation of endothelial NO synthase in tissues under the 

influence of low-frequency ultrasound is the activation of the 

PI3K-Akt-eNOS cascade in endothelial cells [18]. 

A strategically important therapeutic effect of low-

frequency ultrasound in vivo is the phonophoretic effect. 

which ensures the delivery of the drug substance to the 

tissues. bypassing the central bloodstream. The foregoing 

effects of low-frequency ultrasound. as well as the impressive 

experience of using this method in surgery. traumatology. 

orthopedics. dentistry for the treatment of wound infection 

and chronic inflammatory processes. have determined our 

scientific interest in studying the possibilities of using 

ultrasound vibrations to restore the morphological structure 

and functional activity of "thin" refractory endometrium. 

The choice of drug for ultrasonic cavitation is always 

determined by the clinical situation. The introduction of G-

CSF into the uterine cavity has already been described for the 

treatment of refractory endometrium [19]. The granulocyte 

colonimimulating factor activates the differentiation of 

endotemetrial polypotent stem cells and their proliferation. 

stimulates the release of angiogenic growth factors of 

CD56
bright+

CD16 
+
 by endometrial cells. On the other hand. it 

is known that the absorption capacity of the endometrium is 

extremely low due to the absence of lymphatic capillaries in 

its functional layer [21-22]. Therefore. the intrauterine route 

of administration of drugs. especially in the case of 

endometrial hypoplasia. has low bioavailability. 

Low-frequency ultrasound. due to the physical effect of 

cavitation in a liquid medium. can be used as a transport of 

drug substance in the tissue. Cavitated solutions have a 

pronounced phonophoretic effect. which allows delivering 

medicinal substances into tissues to a sufficient depth. 

bypassing the central blood stream. 

In our study. in patients with uterine infertility caused by 

endometrial hypoplasia. after therapy involving irrigation of 

the uterine cavity with a cavitated colony-stimulating factor 

solution. restoration of the normal morpho-functional 

structure of the endometrium was noted. which was 

manifested by synchronization of the secretory 

transformation of endometrial glands. decidualization of the 

stroma and adequate vascularization of it during the 

"implantation window". an increase in the pool of mature 

pineapodia on the apical surface of membranes of 

endometrial glands. 

Initially. in patients with endometriopathy due to the 

course of chronic endometritis. according to our 

observations. there was a high incidence of sclerotic 

transformation of the stromal component and 

impoverishment of the vascular network of the functional 

layer of the endometrium. The process of loosening the 

stromal component of the secretory endometrium. which is 

the basis for its decidualization. necessary for adequate 

implantation of the blastocyst and subsequent invasion of 

trophoblast. was disrupted during the "implantation window" 

in more than 70% of patients. and was equally encountered in 

infertility and miscarriage. In parallel. there was a violation 

of the vascularization of the stromal matrix of the 

endometrium in patients with infertility and miscarriage of 

pregnancy on the background of endometrial hypoplasia. The 

"dense" nature of the stromal component of the "thin" 

endometrium with impoverishment of its vasculature. 

decreased activity of apoptosis probably underlies the 

difficulty of invading the cytotrophoblast into the spiral 

arteries of the uterus [22-23]. 

Ultrasonic cavitation therapy can reduce lymphocytic-

macrophage infiltration of the stroma. activate the processes 

of neoangiogenesis. and change the density of the stromal 

matrix. bringing its morphological picture closer to the 

picture of the control tissues of the implantation 

endometrium. 

According to our study. the ratio of stromal VEGF-A / 

VEGF-R1 expression. which determines the angiogenic 

potential of endometrial tissue. in the dynamics of cavitation 

therapy G-CSF had a significant increase. statistically 

approaching the control values. Large-scale studies by 

Japanese scientists in 2014-2016 on molecular mechanisms 

of angiogenesis activation under the influence of low-

frequency ultrasound have established a PI3K-Akt-eNOS-

dependent pathway for eNOS activation in endothelial cells 

[16. 17. 18]. The increase in the functional activity of 

endothelial cells is accompanied. according to our study. by a 

significant increase in the level of endothelial cell marker 

expression - CD34
+
 in implantation endometrial samples of 

infertile patients in the dynamics of cavitation G-CSF. 

The main molecular effects of the granulocyte colony-

stimulating factor on the receptivity and functional activity of 

refractory endometrium in patients with infertility are 

associated with normalization of the ERα pool in the stroma 

and endometrial glands. increasing to the level of control 

values of the expression of receptors for progesterone in the 

stroma of the endometrium. normalization of the expression 

ratio of ERα / PR in the stroma of the endometrium. Against 

therapy. there was a significant decrease in stromal 

expression of CD3
+
. D20

+
 to a level corresponding to healthy 

fertile women. 

Change in vascular architectonics of the endometrium on 

the background of cavitation therapy with G-CSF solution 

was accompanied by activation of recruitment of natural 

killers from peripheral blood to the endometrium. In women 
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with infertility. There was an increase in the expression of 

CD56
bright +

 in the stroma of the endometrium. Finally. 

Against a background of complex therapy. There was a 

significant decrease in the expression of the marker of 

chronic endometritis CD138
+
 in the stroma of the 

endometrium in patients of the main groups. 

The endometrium of the patients of the main observation 

group after therapy showed a moderate increase in the level 

of cytoplasmic expression of the factor inhibiting leukemia 

(LIF) in the stroma and glands. as well as a significant 

increase in stromal receptivity of its LIF-R receptor. 

5. Conclusion 

Difficulties in treatment for patients with endometrial 

dysfunction are associated not only with a decrease in the 

sensitivity of the endometrium due to a change in the 

expression of sex steroid receptor`s pattern. but also due to 

damage to the terminal branches of the uterus vasculature. 

which impedes the delivery of active substances to the 

tissues. These circumstances determine the need to find 

fundamentally different factors affecting the endometrium. as 

well as technologies for delivering medicinal substances to 

the affected tissues with the use of physical energies. 

Summarizing the study. it can be recognized that the 

described positive changes in the morpho-functional state. 

tissue and molecular parameters of the receptivity of the 

endometrium testify to the effectiveness of ultrasonic 

irrigation technology of the uterine cavity with cavitated 

solutions in the complex therapy of patients with a uterine 

infertility caused by a refractory "thin" endometrium. 
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