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Abstract The share of the female factor in the structure of the causes of infertility reaches 42-48%, while the share of the
“uterine factor” accounts for up to 60%. The frequency of detection of pathological changes in the endometrium during
infertility exceeds 40%. These data support the view that the endometrium plays a key role in the processes of implantation
and placentation. We examined 122 women with infertility and dysfunction (“thin”) endometrium. Depending on the method
of therapy, the women were divided into 2 groups: 67 women who received estradiol valeriat and natural progesterone; and
55 women who received the heparinoid sulodexide in combination. With “thin” endometrium, there is a high frequency
(56.7%) of negative results in the IVF program. Hormonal therapy helps to increase positive results in the IVF program
(43.3%). Complex therapy with heparinoids ensures growth and perfusion of the endometrium and increases the effectiveness

of the IVF program by 1.6 times (69.1%).
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1. Introduction

Pathological changes in the endometrium are one of the
leading causes of miscarriage, not only in naturally occurring
pregnancies, but also in IVF programs [1,4,6,11,17]. The
share of the female factor in the structure of the causes
of infertility reaches 42-48%, while the share of the “uterine
factor” accounts for up to 60%. The frequency of detection
of pathological changes in the endometrium during infertility
exceeds 40% [2,3,13,21]. These data support the opinion
about the key role of the endometrium in the implantation
process [5,7,14,25].

The frequency of detection of pathological changes in the
endometrium during infertility exceeds 40% [8,26]. However,
there is still no consensus on the endometrial indicators
necessary to predict implantation in ART programs. In a
number of scientific works, researchers have defined criteria
for a “thin” endometrium and most opinions agree that for
pregnancy to occur, the thickness of the endometrium should
be at least 7 mm [4,8,12,15]. It has been established that if
the thickness of the endometrium is less than 7 mm, then the
probability of embryo implantation is about 15% [10,16,20],
but even if pregnancy occurs, the risk of miscarriage remains
high and is about 38-45% [3,6,22]. “Thin” endometrium is
one of the most common reasons for implantation failure in
IVF cycles. According to most researchers, the endometrium
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is considered “thin” if its thickness is less than 8§ mm
on the 19-24th day of the menstrual cycle [21,23]. Altered
morphological characteristics of the endometrium negatively
affect the prognosis of implantation [14,24]. With a “thin”
endometrium, the likelihood of IVF success is extremely low,
and the procedure is usually not performed [27].

The polyetiology of endometrial dysfunction is noted
[18,19]. The condition of the endometrium is determined by
factors such as age, lifestyle, the presence of gynecological
diseases and endocrine disorders, among which the leading
place is occupied by the hormonal factor and circulatory
failure in the endometrium. If a decrease in endometrial
thickness is caused by endocrine reasons, it is necessary to
prescribe hormonal drugs to stimulate endometrial growth.
In cryoprotocols, when the endometrium is prepared for
the transfer of thawed embryos, estrogen preparations
(Proginova, Estrofem, Divigel, Estrogel) are usually used,
followed by the administration of progesterone (Utrozhestan,
Fetalston, Crinon) [24].

But sometimes there are situations when, even with
hormonal therapy, the endometrium does not reach the
required thickness. Inflammatory changes in gynecological
diseases and iatrogenic interventions are accompanied by the
development of regenerative-plastic and functional disorders:
decreased perfusion and impaired receptivity. These
pathological processes lead to the formation of a “thin”
endometrium, which prevents normal implantation and
explains the high frequency of reproductive losses in this
group of patients [9].
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It must be remembered that the endometrium contains
a huge number of blood vessels, actively supplying and
nourishing important endometrial structures and cells
necessary for implantation and physiological functioning of
the trophoblast.

A number of patients with miscarriage or infertility, even
with normal hormone levels, experience insufficient growth
and functioning of the endometrium [9,10]. Thus, the work
of some researchers has shown that an increase in peripheral
vascular resistance in the uterine vasculature serves as a
trigger for a decrease in the rate of proliferation and production
of vascular endothelial growth factor in the endometrium and
explains the decrease in the growth rate of the glandular layer
and vasculogenesis in the presence of a “thin” endometrium
[9,10]. The need for sufficient thickness of the endometrium,
but also for its full functioning in women with infertility to
increase the pregnancy rate in I\VF programs is beyond doubt,
which determines the continuation of research to study the
possibility of influencing these aspects of endometrial
dysfunction.

One of the methods of treating “thin” endometrium with
an endocrine cause is growth stimulation with the help of
hormonal drugs. Estrogens are necessary for endometrial
proliferation and the effects of progesterone (P). At the moment,
there are many methods for stimulating endometrial growth,
which include hysteroscopy adhesiolysis, administration of
estrogens, vasoactive agents, intrauterine administration of
granulocyte colony-stimulating factor, platelet-rich autologous
plasma, stimulation of regeneration by physical methods and
with the help of placental preparations, etc. [5,10,20].

Of all the listed methods, only the administration of estrogens
and hysteroscopy adhesiolysis are included in the clinical
recommendations for the preparation of the endometrium
in IVF programs in the world, and the remaining methods
continue to be the subject of scientific research. In preparation
protocols for IVF, stimulation of endometrial growth is
achieved using estrogen-containing drugs followed by the
administration of progesterone. It is not uncommon that even
with hormonal therapy, the thickness of the endometrium
does not reach the required thickness for normal functioning.
Apparently, in addition to hormonal causes of endometrial
dysfunction, there is also a cause of insufficient angiogenesis
and blood circulation in this functional layer.

In this regard, the treatment of endometrial dysfunction in
the preconception period remains controversial.

Purpose of the study: in a comparative aspect, to
evaluate different approaches to the treatment of endometrial
dysfunction in the preconception period in the IVVF program.

2. Material and Methods of Research

A comparative prospective study was carried out on 122
women with infertility in an IVF program with a diagnosis of
dysfunction of the (“thin”) endometrium established during
the study (n=122). Depending on the method of therapy, the
women were divided into groups: Group 1 consisted of 67

women who were prescribed a drug containing estradiol
valeriat at a dose of 2 mg for 3 months (Proginova, France)
and a natural progesterone drug (Fetalston) as therapy. ,
India) at a dose of 100 mg 2 times a day from 16 to 26 days of
the cycle; The 2nd group consisted of 55 women who, in
combination with hormonal therapy, received the heparinoid
sulodexide (Wessel-due F, Italy) at a dose of 1000 units/day
(2 tablets 2 times a day) for 3 months.

Inclusion criteria: endometrial thickness less than 7-8 mm
in the 2nd phase of the cycle, woman’s age less than 40 years,
absence of other uterine pathologies (uterine endometriosis
of degree Il or more, uterine fibroids larger than 20 mm),
severe somatic diseases, absence of contraindications to
prescription of estrogens, low risk of thrombotic complications,
in the future transfer of no more than 1 embryo of good quality.

We assessed the state of the endometrium after the use of
various therapies (endometrial thickness before ET, increase
in endometrial thickness (%), the presence of perfusion), the
presence of side effects from taking drugs and the outcomes
of IVF programs (pregnancy rate, “take baby home” rate and
the rate of reproductive losses).

When included in the study at the 2nd-3rd DMC, all
women underwent transvaginal ultrasound examination
(TVUS) according to the standard method [15,17,18].
To determine the functional activity of the endometrium,
its thickness, structure and volume, the nature of the
distribution of the color Doppler mapping (CDM) signal in
the endometrium and sub endometrial zone were assessed.
Monitoring of endometrial growth during the menstrual
cycle was carried out at the 8th, 12-14th, 19-24th DMC.
On the 3rd day of the menstrual cycle (DMC), the hormonal
profile of the patients was assessed. Serum concentrations
of anti-Mullerian hormone (AMH), follicle-stimulating
hormone (FSH), luteinizing hormone (LH) and estradiol (E2)
were determined. At the stage of preparing the endometrium
for embryo transfer, patients of group 1 received estradiol
vale rate 2 mg (Proginova, France) in tablet form, orally,
according to the schedule. Estrogen preparations were used
for 3-6 months until a clinical effect was achieved in relation
to the thickness and structure of the endometrium, after
which an embryo transfer was performed in the subsequent
menstrual cycle. In all patients, 14 days after PE, the level of
B-hCG in the peripheral blood was determined, and if the
value was more than 50 1U/I, the test for preghancy was
considered positive.

Mathematical processing of the results was carried out
using descriptive statistics methods using Excel 2010.
Descriptive statistics of quantitative variables are presented
as medians (Me) and quartiles (Q1; Q3). The confidence
interval (Cl) is indicated as M (SD), where M is the arithmetic
mean and SD is the standard deviation. To determine the
statistical significance of differences in quantitative variables in
independent samples, nonparametric tests (Mann-Whitney
test) were used. Comparative analysis of categorical variables
was performed using Student's t test. Differences were
considered statistically significant at r.
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3. Research Results

A study of the age characteristics of women with
infertility who applied for IVF showed that the average age
was 33.7+£5.2 and 33.1+4.8, respectively (Table 1). This
is apparently due to the duration of infertility treatment
with other methods. Body mass index indicators in women
in the study groups were within unreliably significant limits
and amounted to 23.4+3.0 and 23.6+3.9. Determining the
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duration of infertility in groups revealed that more than half
of the women (56% and 55.4%, respectively) who turned to
IVF suffered from infertility for more than 5 years.

Thus, 62.7% and 71.3% of women had several reasons
that led to infertility. Only 1/3 of women had one cause of
infertility identified. The most common causes of primary
infertility were endocrine factors, and those of secondary
infertility were tube-peritoneal factors.

Table 1. Clinical characteristics of patients
1 group 2nd group R
Options (monotherapy E, n=67) (combined therapy E and S, n=55)
Abs | % abs %
Age (Mtm) 33,75,2 33,1+4,8 0,372
Body mass index (kg/m2) 23,4+3,0 23,6139 0,456
Duration of infertility less than 5 years 29 43,3 24 43,6 0,733
Duration of infertility more than 5 years 38 56,7 31 56,4 0,742
Number of infertility factors:
1 factor 25 37,3 16 29,1 0,533
2 factors 27 40,3 20 36,4 0,092
3 or more factors 15 22,4 19 345 0,061
Primary infertility 30 44,8 26 47,3 0,069
Secondary infertility 37 55,2 29 52,7 0,074
I\VVF attempts
1 time 12 17,9 10 18,2 0,793
2 times 29 43,3 25 45,5 0,533
3 or more 26 38,8 20 36,3 0,632
Table 2.  Hormone levels in the women studied
1 grou 2nd grou
Hormones (monothe?apypE, n=67) (combined theraSy EF;nd S, n=55) R
AMG, ng/ml 2,7+1,2 (C1 1,5-4,7) 3,0¢1,3 (Cl 1,7-4,9) 0,725
LH, miu/l 5,70£1,2 (Cl 4,4-6,9) 5,751,15 (Cl 4,6-7,32) 0,487
FSH, mlU/I 6,4+0,9 (Cl 5,5-7,8) 6,7+1,0 (ClI 5,3-7,7) 0,501
E2, pg/ml
Before therapy 39,5+13,0 (Cl 21,9-52,5) 37,7+16,6 (Cl 21,1-58,4) 0,673
After 27,0£12,7 (Cl 14,3-43,9) 23,4+9,2 (Cl 14,2-51,4) 0,922
Progesterone, nmol/I
Before therapy 1,2 +0,4 (C1 0,8-2,9) 1,3+0,6 (Cl 0,7-3,0) 0,837
After 1,3+0,6 (C10,7; 4,0) 1,741,0 (C10,7-18,3) 0,402
Table 3. Assessment of the state of the endometrium in the dynamics of various types of therapy
1 group 2nd group
Options (monotherapy E, n=67) (combined therapy E and S, n=55)
| e | R | e | A | w
Endometrial thickness, mm 7,1£0,8 10,8+2,7 | 0,402 6,8+1,0 11,7¢25 | 0,524
IR at the level of the uterine arteries 0,85+ 0,04 0,84+0,05 | 0,883 0,86+0,09 0,86+0,03 | 0,004
IR at the level of the arcuate arteries 0,74+0,04 0,80+0,04 | 0,199 0,75+0,03 0,74+0,03 | 0,349
IR at the level of the radial arteries 0,65+0,03 0,63+0,06 | 0,534 0,64+0,06 0,64+0,05 | 0,559
IR at the level of the basal arteries 0,52+0,11 0,54+0,05 | 0,012 0,46%0,21 0,54+0,09 | 0,880
IR at the level of the spiral arteries 0,42+0,19 0,39+0,21 | 0,001 0,49+0,07 0,43+0,19 | 0,145
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During the history collection, it was found that women had
previously attempted IVF: 1 attempt - in 18.2% and 17.4% of
women; 2 attempts — in 42.7% and 45.1% of women and 3 or
more — in 21.8% and 34.4% of women. The presence of 3 or
more attempts indicates a high frequency of unsuccessful
attempts, which determines the relevance of research and
development of preconception preparation of women for the
IVF program.

The hormonal parameters of the women studied after
therapy had differences, depending on the correction method,
only in relation to estrogens and progesterone. While the
study of the level of AMH, LH and FSH was within
unreliably significant limits between groups. Thus, the level
of AMH was 2.7+1.2 and 3.0+1.3 ng/ml, LH - 5.70£1.2 and
5.75+1.15 mlU/I, FSH - 6.4+ 0.9 and 6.7+1.0 mlU/I, which
was within unreliably significant limits between groups.
The level of estradiol before therapy in women in the study
groups averaged 39.5£13.0 and 37.7+16.6 pg/ml, which was
within unreliably significant limits between the groups. After
monotherapy with estradiol, estrogen levels decreased by
31.6% and amounted to 27.0£12.7 pg.//ml. Whereas, after
complex therapy with estradiol and sulodexide, the level of
estrogen decreased by 37.9% and amounted to 23.4 pg/ml.
Apparently, the combined use of estradiol valerian with
sulodexide did not have a negative effect on estrogen levels
and did not differ within significantly significant limits from
the indicators of women who used estrogen monotherapy.

A study of the effect of various methods of treating “thin”
endometrium on progesterone levels showed differences.
The values of progesterone level with estrogen monotherapy
increased by 8.33% from the initial level, while with complex
therapy, the progesterone level increased by 30.8%, which
was higher within significantly significant limits of the
dynamics in the group with estrogen monotherapy by 22.4%.
Consequently, the complex use of estrogen and sulodexide
preparations promotes not only the growth of the endometrium,
but also improves its functional characteristics by enhancing
the processes of angiogenesis in the functionally active layer
of the endometrium, which is important for subsequent
implantation and placentation.

To confirm our conclusions, at the end of various types of
therapy for the “thin” endometrium, we carried out color
circulation in the sub endometrial layer and endometrium
(Table 3). With estrogen monotherapy and complex therapy
with the inclusion of sulodexide, endometrial growth in the
groups by the 19th-24th day of the menstrual cycle (DMC)
was 10.8+2.7 mmand 11.7+2.5 mm, respectively, and turned
out to be comparable (p=0.524). But analysis of endometrial
thickness before and after therapy showed a significant
increase. Thus, the thickness of the endometrium after complex
therapy increased by 1.7 times, and with monotherapy, the
endometrium increased by 1.5 times relative to the thickness
before treatment.

Of particular clinical interest were the data we obtained on
the relationship between endometrial thickness during the
“implantation window” and the nature and distribution of the
CDK signal in the sub endometrial layer and endometrium at

the end of therapy (Table 3).

Adequate endometrial perfusion was noted in 53 (96.4%)
of 55 women receiving combined therapy compared with
44 (65.7%) of 67 women receiving estrogen therapy alone
(p < 0.001). Adequate distribution of the CDC signal in the
endometrium (at the level of the spiral arteries (SA)) was
achieved statistically significantly more often in women who
received complex therapy including sulodexide (47 (85.5%)
out of 55 compared to 41 (61.2%) out of 67; p=0.046). The
peripheral resistance index (RI) at the SA level was statistically
significantly lower in patients receiving estrogen monotherapy:
0.39+0.21 compared to 0.43+0.19 (p=0.001), which indicates
achievement more adequate perfusion of the endometrium
during the “implantation window”.

It is noteworthy that when the thickness of the endometrium
was less than 6 mm, it was not possible to register the CDC
signal in the subendometrial layer and in the endometrium.
With an endometrial thickness of 6.0-8.0 mm, the CDC
signal at the level of the basal arteries (BA) and SA was
determined in the vast majority of women (81.1%). Whereas,
with an endometrial thickness of 8.0-12.0 mm, these blood
flow characteristics were determined in 43.6 and 41.8%
of patients, respectively. It was noteworthy that with an
endometrial thickness of 12.0 mm or more, the opposite
trend was observed - a decrease in the number of cases of
registration of the color flow signal in the microvasculature
from 40.6% to 17.6 and 18.8%, respectively. When analyzing
the duration of therapy to restore a functionally adequate
endometrium, we identified statistically significant differences
between groups. Thus, the average duration of therapy for
“thin” endometrium until the moment of PE was statistically
significantly shorter in patients receiving complex therapy
including sulodexide and amounted to 14.0 + 4.1 days
compared to 16.8 + 4.7 days in the estrogen monotherapy
group (p=0.043). Undesirable moderate side effects of
estrogen therapy were noted in 5.5% (n=3) of women in the
group receiving complex therapy and in 7.5% (n=5) of
women in the group receiving estrogen monotherapy, which
was within a non-significantly significant range (p =0.453).
Thus, weakness was noted in 2 (2.9%) of 67 women of the
1st group and in 2 (3.6%) of 55 patients of the 2nd group.
3 (4.5%) of 67 women in group 1 and 2 (3.6%) of 55 women
in group 2 complained of nausea (p=0.453). Women during
therapy also complained of headaches, which in the group
with estrogen monotherapy amounted to 6.0% (n=4), in the
group with complex therapy - 3.6% (n=2), which was 1.7
times less.

A study of the incidence of clinical pregnancy after
3 months of therapy in groups showed different data. Thus,
in the group of women receiving estrogen monotherapy,
pregnancy occurred in 43.3% (n=29), while in the group of
women receiving therapy including sulodexide, pregnancy
occurred in 69.1% (n=38), which is 1. 6 times more often
(p<0.05). The onset of clinical pregnancy is an intermediate
stage of the IVF program, while the “take baby home”
indicator is the final result, which differed in the study
groups and amounted to 34.3% (n=23) in the estrogen
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monotherapy group and 63.6% (n=35) in the group receiving
complex therapy (p<0.001). The odds ratio (OR) for pregnancy
with endometrial thickness less than 8 mm was 2.0 (95% ClI
1.07; 3.81; p=0.031); in the presence of adequate endometrial
perfusion - 2.84 (95% CI 1.32; 6.14; p=0.008) and 2.99 (95%
C10.82; 10.95; p=0.097), respectively.

Thus, the results of our study showed that in case of
endometrial dysfunction, the administration of only estrogen
preparations solves one problem - it promotes the growth of
the endometrium necessary for implantation. Whereas,
complex therapy of estrogens with the inclusion of drugs that
enhance angiogenesis and the development of spiral arteries,
which helps improve blood circulation in the endometrium
and sub endometrial layer, which ultimately, in addition to
the growth of the endometrium, increases its functional
activity.

4. Conclusions

1. When a “thin” endometrium is formed, the implantation
process is disrupted, which explains the high frequency
of negative results in assisted reproductive technology
programs (56.7%). Hormonal therapy increases the
thickness of the endometrium, which contributes to an
increase in positive results in the IVF program (43.3%).

2. For “thin” endometrium, it is advisable to prescribe
estrogen preparations in combination with heparinoids
(sulodexide), which ensures adequate growth and
perfusion of the endometrium, which increases the
effectiveness of the IVF program by 1.6 times (69.1%).
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