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Abstract. Endometrial state in women with uterine factor of infertility at the stage of preconceptional care
according to sonography and doplerometry data. Makarchuk O.M., Ostrovska O.M., Okolokh Onieka Gibson,
Orishchak LK., Cheredarchuk A.R. In recent years, the number of cases of uterine factors infertility is constantly
growing. Unfortunately, the analysis of scientific works is characterized by the lack of data on the improvement of the
diagnostic algorithm and the expediency of accentuating the significance of the preconceptional stage. The purpose of
this study was to develop sonographic criteria for endometrial readiness for implantation at the stage of
preconceptional care in women with uterine factor infertility. The first group included 80 women with uterine factor
infertility, the second group (40 women) consisted of patients who entered the IVF program for the first time. The
control group consisted of 30 women with normal fertility. Studies of the structure of the endometrium, myometrium
and ovarian tissue were performed on a Voluson 760, on the 4"-6" days of the menstrual cycle (according to the
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International Endometrial Tumor Analysis (IETA) — consensus of ultrasound description of endometrial changes) and
on the 20"-24" days of the cycle. To assess the indirect signs of chronic endometritis the echographic criteria
developed by V.N. Demidov et al. were used. The sonographic diagnosis was verified during morphological and
immunohistochemical examination. The most common menstrual disorders in women with uterine factor infertility were
algodysmenorrhea — 33.3%, algohypomenorrhea —22.2%, hypoopsomenorrhea — 64.4%. Thinning of the endometrium
was significantly more often observed in the group with uterine factor of reproductive disorders; one third of patients
(33.8%) had dyschronosis of the endometrial echotexture; heterogeneity of M-echo with a predominance of hyperechoic
areas was diagnosed in 41.3% of cases. Hyperechogenic inclusions in the basal layer, multiple structures of a linear
nature and increased echogenicity were revealed in every fifth patients and hypoechoic uterine contour — in 47.5% of
cases. The most significant odds ratio associated with IVF failures and early reproductive loss was found in patients
with endometriosis (OR — 5.85; 95% CI: 1.32-13.32), synechiae (OR — 2.27; 95% CI: 0.96-10.16) and polyps (OR —
2.48; 95% CI: 0.84-11.36). It was possible to distinguish the following criteria of functional readiness of the
endometrium for implantation: endometrial thickness was more than 8 mm, compliance with the echostructure phase of
the menstrual cycle, homogeneity of M-echo, absence of hyper-and hypoechoic inclusions, and full hemodynamics in
the vascular pool of the pelvis.

Pegepar. CtaH eHaoMeTpisi B KiHOK 3 MATKOBHM ()aKTOPOM (e3IIias HA eTami NMpeKOHIeNnUiiHol miIroToBKN
3a gaHuM# coHorpadii Ta momiepomerpii. Makapuyk O.M., OctpoBcbka O.M., Oxosox Omniexa I'idcon,
Opimak LK., Yepenapuyk A.P. B ocmannui poxu iomiuena menoenyis 00 3p0CManHs 4aCmKy MAmMKOBUX YUHHUKIE
be3nnioosn. Ananiz Haykogux pobdim po3uapogye GiOCYMHICMIO OAHUX WO000 YOOCKOHANEHH OIAeHOCHMUYHO2O
aneopummy, OOYLIbHOCMI aKyeHmyayii 3Hayywocmi npezpagioaproco emany. Memoiw yb02o HAYK08020 00CAIONCEHH S
cmana pos3podka CcoHocpagiuHux Kpumepiie 2omoeHocmi eHOoOMempis 00 iMuiaumayii Ha emani NPeKOHYenyiuHol
ni020MOBKU 8 HCIHOK 3 MAMKOBUM hakmopom be3naiods. Y nepuiy epyny ysivuiiu 80 sicinok 3 mamkosum gpaxmopom
b6e3nnioos, opyey epyny (40 scinok) ckranu nayienmku, axi enepwe ecmynanu 0o npozpamu IVF. Konmponvny epyny
cknanu 30 JHCIHOK 3 HOPpMANLHOIO epmunbHicmio. JJoCiodcenHs cmpykmypu eHooMempis, MioMempis ma mKaHuHu
A€uHUKi6 suxkoHysanu Ha anapami Voluson 760, na 4-6 denb mencmpyanvnozo yuxny (32iomo 3 International Endo-
metrial Tumor Analysis (IETA) — xoncencycy exoepaghiunozo onucy 3min enoomempis) ma na 20-24 oui yuxny. [ns
OYIHKU ONOCEPEOKOBAHUX O3HAK XPOHIUHO20 €HOOMEMmpumy GUKOPUCTNO8Y8ANU exopagiuni Kpumepii, po3pobieHi
B.H. Jlemuoosum ma cnisas., a maxooic conozpapiunuil diacnos eepuikysaiu ¢ xo0i Mopponociunozo ma iMyHozic-
MOXIMIuHO20 OocnioxcenHs. Haubinvw nowupenumu nopyweHHAMU MeHCmMPYanbHoi QYHKYIT 6 JCIHOK 3 MAmKOSUM
daxmopom be3nnioos cmanu anveooucmenopes — 33,3%, anveocinomenopes — y 22,2%, ecinooncomenopes — 64,4%.
Bumonuenns endomempis 0ocmogipho uacmiwie GiOMIYeHO 6 2pyni 3 MAMKOSUM (DAKMOPOM DPenpoOyKMUeHO20
He300pog’s, y mpemunu (33,8%) oucxponos exocmpykmypu enoomempis, HeoOHOopionicmb M-exo 3 nepegajicanHam
einepexozennux Oinanok — y 41,3% cnocmepedcensv. [inepexocenni 6KMOYeHHA 6 6A3GNbHOMY WAPI, MHOICUHHI
CMpYyKmypu JiHilIHO20 Xapakmepy ma NiOguUeHol exoceHHoCmi 3aghikco8aui 6 KOJMCHOI n’amoi nayieHmku, da
2inoexozennutl KOHmyp mamxu —y 47,5% cnocmepesicensv. Haiibinows 3Hauyuje 8i0OHOUIEHHS WAHCI8, WO Ci0 NO8 A3amu
i3 HegOauamu npu npogedenni npozpamu IVF ma panHimu penpoOyKmusHUMU 8mMpamamu, U3HAYEeHO 8 NAYIEHMOK 3
enoomempiozom (OR - 5,85; 95% CI: 1,32-13,32), cunexiamu (OR - 2,27; 95% CI: 0,96-10,16) ma norinamu (OR -
2,48; 95% CI: 0,84-11,36). Boanocsi eudinumu maxi Kpumepii QYHKYIOHANbHO20 W0O00 20MOSHOCMI 00 IMNIaHmMAayil
eHooMempis, a came: MOBGUUHA eHOoMempis Oiibuie 8 MM, GIONOBIOHICMb eXOCMPYKMYypu Gasi MeHCmMpYalbHO20
Yukity, oOHopionicms M-exo, 6iocymHicmo 2inep- ma 2in0exX02eHHUX GKIIOUEHb, d MAKONC NOBHOYIHHA 2eMOOUHAMIKA 6
CYOUHHOMY OACeliHi Manoeo masda.

In recent years, the number of cases of uterine
factors infertility is constantly growing which many
authors associate with the widespread use of
intrauterine contraception, a negative tendency to
increase the frequency of abortion, invasive mani-
pulations including diagnostic endoscopy [1, 8, 10].
Antibacterial resistance and the evolution of the
microbial factor in recent decades also play an
important role, which has led to the development of
asymptomatic obscure forms of the inflammatory
process, as well as changes in immunological, meta-
bolic and hormonal homeostasis [5, 8, 10, 11].

In recent decades, endomiometric pathology
occupies a leading place in the structure of gyne-
cological morbidity and is included in the list of
important factors of reproductive failure, pain synd-
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rome, uterine bleeding, etc. [1, 3, 8, 13]. Despite
numerous randomized trials, nowadays there is no
consensus on the impact of intrauterine pathology
and surgery on reproductive outcomes. However, it
is undeniable that the state of the endometrium and
uterine cavity, the latent course of the inflammatory
process, possible endocrine and immunological
disorders, as well as anatomical factors, have a
negative impact on implantation processes, leading
to reproductive health disorders [2, 3, 8, 10, 11, 13].
It should be noted that the frequency of uterine
factor in the genesis of female infertility according
to domestic and foreign authors is from 25-42% to
46-67%, and more than half of the cases happen
during the reproductive age [3]. Uterine pathology,
hyperplastic processes and endometrial polyps,
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fibroids, intrauterine synechiae occur in 21-47% of
cases in women suffering from infertility, including
failed IVF attempts [2, 13]. According to Rudakova
E.B. et al. in 54% of cases, female infertility is
accompanied by pathological changes in the uterus;
endometrial dysfunction was diagnosed in 41% of
women [9, 13], so when examining patients with
infertility or habitual miscarriage it is important to
assess the uterine cavity and endometrium [2, 5, 10].
The success of implantation in IVF programs, as
well as the probability of miscarriage, significantly
depends on the state of the endometrium, especially
endometrial receptivity [4, 7, 12, 15, 16]. Endo-
metrial receptivity disorder is considered to be one
of the most significant factors in failed IVF attempts
and early reproductive loss [4, 12, 15, 16]. Accor-
ding to N. Ledee-Bataile [14] and other literature
sources, 2/3 of implantation failures are associated
with inadequate endometrial receptivity [1, 6, 7, 8].

However, the lack of a single concept of the
pathogenesis of implantation insufficiency in the
case of uterine infertility factors, the feasibility of
studying the mechanisms of formation and relation-
ship of pathological processes of the endometrium,
which underlie macro- and microscopic disorders of
its function, substantiation of the complex analysis
which would consider features of the structure and
function of the uterine mucous membrane, optimi-
zation of sound treatment approaches, require the
implementation of this research. The analysis of
scientific works reveals the lack of emphasis on the
need to improve the diagnostic algorithm, the
feasibility of restoring the reproductive health of this
group of women after treatment and underlining the
importance of the preconceptional stage.

According to many researchers, further progress
of scientific research is impossible without a
comprehensive detailed approach to the assessment
of the endometrial condition [10, 12, 13] which
requires optimization of the diagnostic algorithm to
characterize its organic and functional capacity
(using both invasive and non-invasive methods) and
the correction of pathological changes, if it is
possible [12].

Non-invasive endometrial evaluation involves
transvaginal ultrasonography and 3D ultrasono-
graphy, transvaginal color Doppler mapping in
combination with pulsed Doppler and ultrasound,
and, if necessary, magnetic resonance imaging. In
the preclinical diagnosis of uterine factor infertility,
especially endometrial hyperplastic processes, poly-
posis, etc. the ultrasound plays the most important
role, as the interpretation of the obtained cha-
racteristics (thickness, structure) in relation to its
real condition (degree of maturity, receptivity)
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activity of the cytokine component and growth
factors) determine the readiness for implantation and
is extremely important for the establishment of the
"implantation window", the optimal time of embryo
transfer, hormonal and drug support during preg-
nancy, which ultimately determines the tactics,
pathogenetic treatment and successful preconcep-
tional care. [2, 7, 10, 12].

Objective interpretation and a comprehensive
approach to ultrasound characteristics of the endo-
metrium, the use of three-dimensional ultrasound
and Doppler allow us to assess the volume of the
endometrium and uterine body, the state of the
vascular network, to measure blood flow parameters
in vessels with hypo- and hypervascularization or
avascular areas. Indirect signs that may indicate
chronic endometritis, which underlies, according to
most researchers, endometrial receptivity disorders,
are changes in the sources of basal layer fibrosis,
thinning and asymmetry of the anterior and posterior
walls in two-dimensional ultrasound and vascu-
larization disorders [2, 10, 12].

In this regard, the development of sonographic
criteria for endometrial readiness for implantation at
the stage of preconception in women with uterine
factor infertility is important for practical gyneco-
logy and reproductive medicine, which is the
purpose of this study.

MATERIALS AND METHODS OF RESEARCH

The first main group included 80 women with
uterine factor infertility. The second main group (40
women) consisted of first-time IVF patients. The
control group consisted of 30 women with normal
fertility who had already given birth and applied for
a preventive examination. Women of the compared
groups were comparable in age, the average age was
31.8+3.4 years, most of them had an ovulatory men-
strual cycle, and every second patient had a habitual
miscarriage, failed IVF attempts in the anamnesis
and early reproductive loss. The proportion of
patients with a history of unsuccessful IVF attempts
was 32.5%. The information obtained during the
previous study was entered into an individual
observation map and supplemented, if necessary, by
informal interviews and questionnaires, which
allowed obtaining social characteristics of surveyed
women regarding their age, social and family status,
menstrual function, gynecological and somatic di-
seases, etc. All examined women underwent ultra-
sound examination of the pelvic organs in the cycle
preceding the IVF program or pregnancy planning.
Examination of the structure of the endometrium,
myometrium and ovarian tissue was performed on a
Voluson 760, on the 4™-6™ days of the menstrual
cycle (according to the International Endometrial
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Tumor Analysis (IETA) — consensus of ultrasound
description of endometrial changes) and on the 20™-
24™ days of the cycle, using an abdominal frequency
sensor 3.5 MHz and vaginal sensor with a frequency
of 5 MHz according to the conventional method:
review transabdominal scan followed by trans-
vaginal detailing of the uterine structure, ovaries and
assessment of the degree of the endometrial
vascularization, biometrics, ovaries, including two-
dimensional ultrasound and Doppler. To assess the
indirect signs of chronic endometritis the
echographic criteria developed by V.N. Demidov et
al. was used [3]. The diagnosis of probable chronic
endometritis, made with the help of sonography, was
usually verified during morphological and immu-
nohistochemical examination. For statistical pro-
cessing of the obtained data, file tables were applied
using the program "Statistica 6", with the calculation
of average relative values and errors (M=m), (P+m),
Fisher-Student test (t) and the significance of
differences (p-value, the differences were considered
significant at p<0,05).

RESULTS AND DISCUSSION

Menstrual disorder was observed in 45 (56.3%)
patients of the first group and 17 (42.5%) — in the
second main group, while in the control group
menstrual disorders were found in only 4 people
(13.3%), that is, the share is 2.3-3.2 times smaller
against groups of patients with infertility. The most
common menstrual disorders in women with uterine
infertility were algodysmenorrhea, revealed in 15
(33.3%) patients; algohypomenorrhea was present in
the history of 10 women (22.2%), which is twice as
common as in women of the second group. Patients
with uterine factor infertility are also characterized
by a significant proportion of hypoopsomenorrhea
(64.4%), the number of diagnosed cases is many
times higher than in women who gave birth and in
those who applied for reproductive technology for
the first time. The identified features of the
menstrual cycle in patients of both study groups
suggest a low index of reproductive health in this
category of patients, and the relationship of
menstrual disorders with dysfunction of the hypo-
thalamic-pituitary-ovarian axis and decreased acti-
vity of the endocrine system in general cause im-
paired immunological resistance and depression of
local factors of local immunity of the genital mucosa
[8]. In addition, menstrual dysfunction as a symptom
of uterine pathology is evidence of hormone-dependent
processes (fibroids, endometrial hyperplasia, etc.) and
can be seen as a marker of increased risk of im-
plantation disorder and miscarriage.

Analytical studies revealed that a group of
patients with uterine factor infertility factor had
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suffered from various childhood infections, chronic
diseases of the tonsils, diseases of the genitourinary
tract, endocrine and dysmetabolic dysfunction (dif-
fuse toxic goiter, hypothyroidism and obesity) that
accumulated symptoms of reproductive disorders.

The most common uterine pathologies in patients
of the first group were adenomyosis and endo-
metriosis (49 cases (61.3%), uterine fibroids (29
people (36.3%), endometrial hyperplasia and polyps
(19 cases (23.8%)), and synechiae of the uterine
cavity (19 women (23.8%). In the second main
group, uterine pathology is represented in a smaller
proportion, mainly due to endometrial hyperplasia
and polyposis (10.0%), adenomyosis and endo-
metriosis (27.5%), dysfunctional uterine bleedings
were revealed in 32.5% of cases. Statistically signi-
ficant differences between the main groups were
found in such clinical conditions as endometriosis,
uterine fibroids, polyps and synechiae of the uterine
cavity (p<0.05). The most significant odds ratio in
patients with endometriosis (OR — 5.85; 95% CI:
1.32-13.32), synechiae (OR — 2.27; 95% CI: 0.96-
10.16) and polyps (OR —2.48; 95% CI: 0.84-11.36),
which should be associated with IVF program
failures and early reproductive loss.

According to the results of the research, the fol-
lowing factors that significantly reduce reproductive
potential and increase the risk of implantation
failures when using IVF programs were found:
menstrual disorder (odds ratio — 2.43), endometriosis
(odds ratio — 3.69), fibroids (odds ratio — 4.27), en-
dometrial polyps (odds ratio — 6.28) and synechiae
of the uterine cavity (odds ratio — 5.38), high index
of somatic pathology (odds ratio — 1.48) and meta-
bolic and endocrine dysfunction (odds ratio — 2.31).

Taking into account the high index of somatic
and gynecological morbidity, as well as timely diag-
nosis of uterine factors allow expanding the diag-
nostic algorithm and forming sono-morphological
criteria for endometrial readiness for implantation.

One of the most important sonographic para-
meters that characterizes the condition of the
endometrial component is the thickness of the
endometrium, which in patients of both major
groups was significantly less than in women who
have already performed their reproductive function,
but in women with uterine factor infertility, these
data were most indicative. In the first phase of the
cycle — on the 6™-8" day, the thickness of the endo-
metrium in both main groups was 5.2+2.2 mm and
5.5+£2.1 mm, respectively, against 7.0£2.6 mm in the
control group. In the second phase of the menstrual
cycle — on the 20™-24™ day the indicators in the first
group were 7.9+2.6 mm, in the second group —
8.2+2.3 mm, in the control group — 11.1+3.1 mm.
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The least endometrial thickness was observed in
patients with polyps and synechiae of the uterine
cavity, with cases of reproductive loss and failed
IVF attempts in the history.

The data obtained by us as a result of this stage
of scientific research confirm the search for negative
effects of endometrial thinning on the consequences
of in vitro fertilization programs and increasing the
proportion of miscarriages. In addition, according to
a number of authors, a decrease in endometrial
thickness may be an echographic sign of chronic
endometritis, as prolonged inflammation and mucosal
trauma during diagnostic and therapeutic interventions
contribute to significant thinning of the uterine mucosa
and hyperplasia of connective tissue elements.

It should be noted that the ultrasound image of
the endometrium, corresponding to the day of the
menstrual cycle, as the most frequent sonographic
marker of endometrial potential failure, was only in
one third of patients of the first main group (27-
33.8%), while in women with physiological fertility
it was observed only in isolated cases (2.5%).

The uterine cavity was dilated in 11 cases
(13.8%) in the first main group and in 3 (7.5%)
women of the second group, and the limits of
dilation ranged from 0.3 mm to 0.8 mm, with epi-
sodes of asymmetric distribution, that meets the
sonographic criteria for signs of chronic endo-
metritis according to V.N. Demidov et al. [1, 3]. M-
echo heterogeneity with a predominance of hype-
rechoic sites was observed in 33 cases (41.3%) in
patients with a history of miscarriage and failed IVF
attempts and in 11 (27.5%) women in the second
group, while in patients with preserved fertility this
ultrasound feature was not observed.

High proportion of more than half of the
examined patients of the first main group of
sonographic picture of heterogenetic myometric
structure, expansion of its cavity to 0.3 or more due
to fluid content, irregular thickening of the
endometrium, the presence of areas of increased or
decreased echogenicity of the medial structure of the
uterine body as well as hyperechogenic structures of
the basal layer of the endometrium suggest the
likelihood of chronic endometritis.

In addition, according to the sonographic study,
M-echo formations of different echogenicity with
clear contours, sometimes with cystic inclusions and
deformation of the mid-hyperechogenic M-echo
line, which should be considered as signs of polyps,
were found.

Hyperechogenic inclusions, both single and mul-
tiple, were detected in 21 cases (26.3%) in the
history of reproductive loss, 19 (23.8%) women had
visualized multiple structures of a linear nature and
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increased echogenicity, and a slightly smaller
proportion of such sonographic changes were
observed in women who first applied to the clinic of
reproductive medicine because of primary infertility
— 3 cases (7.5%).

Hypoechoic contour of the uterus was observed
in 38 women (47.5%) of the first main group, a
slightly lower percentage (in 11 people — 27.5%)
was diagnosed in the second group.

Varicose veins of the parametrium were found in
33 people (41.3%) with frequent reproductive losses
and uterine infertility, in patients who applied to the
clinic of reproductive medicine for the first time
these sonographic signs were diagnosed 1.5 times
less often, however in women with preserved ferti-
lity, the visualization of this pathology did not differ
significantly from the indicators of the second
group. Having used the A.E. Volkov’s criteria of
ultrasound classification of varicose veins of the
pelvis [2] the diameter of varicose veins, which did
not exceed 10 mm, was noted in the study, in some
cases there was a combination of varicose veins of
the parametrium and visualization of the hypoechoic
contour of the uterine cavity.

The above-mentioned sonographic signs of
probable chronic endometritis were not revealed in
14 patients (17.5%) with uterine factor infertility and
in 17 (42.5%) women who first applied to the clinic
of reproductive medicine because of infertility, as
well as in 8.7 % in the case of preserved fertility.

According to the results of Doppler blood flow in
the right and left uterine arteries and subjective
assessment of the degree of vascularization of blood
flow in the myometrium and subendometrial area,
the reduced visualization of myometrial vessels in
the second phase of the menstrual cycle was re-
vealed. It should be mentioned that radial arteries are
visualized in 53.8% of cases, basal — in 48.8%, spiral
—1in 23.8% of cases (p<0.05), and the final diastolic
blood flow rate was significantly lower than in
women of the control group, which is evidence of
the severity of dyscirculatory disorders on the
background of a long-term inflammatory process in
women with uterine factors of reproductive disor-
ders. Our results are comparable with the existing
scientific notations on the increase in the proportion
of hemodynamic disorders in the vascular pool of
the small pelvis in the case of chronic inflammatory
process of the endometrium, which is morpho-
logically represented by capillary network defi-
ciency, stroma fibrosis with sclerosis of the spiral
arteries, formation of multiple vessels of capillary
type and clinically represented by endometrial
hypoplasia for the period of the "implantation
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window" with a decrease in hemodynamic parame-
ters in the uterine vessels [2, 9].

According to the results of a comprehensive
assessment of the obtained indicators of 2D ultra-
sound and Doppler at the stage of preconceptional
care it was possible to identify the following
functional criteria in terms of the endometrial rea-
diness for implantation, namely: endometrial thick-
ness greater than 8 mm, correspondence of echo-
structure to the phase of the menstrual cycle,
homogeneity of M-echo, absence of hyper-and
hypoechoic inclusions, as well as full-fledged hemo-
dynamics in the vascular pool of the small pelvis.

CONCLUSIONS

1. Signs of probable chronic endometritis were
more often visualized in women with a history of
uterine infertility, frequent reproductive losses, and
failed IVF attempts, indicating a decisive role for
uterine factors in the genesis of infertility.

2. Analysis of echosonographic signs of probable
chronic endometritis suggested that endometrial
thinning was significantly more common in groups
of women with uterine factor of reproductive
disorders than in patients who first applied for IVF,

and in one third of such patients (33.8 %) the
echostructure of the endometrium did not corres-
pond to the phase of the menstrual cycle; the
heterogeneity of M-echo with a predominance of
hyperechoic areas was observed in 41.3% of cases,
which is obviously a consequence of invasive
interventions in the anamnesis. Hyperechogenic
inclusions in the basal layer, multiple structures of a
linear nature and increased echogenicity were
recorded in one in five patients, and hypoechoic
uterine contour — in 47.5% of cases.

3. Thus, a comprehensive study using sono-
graphic criteria can increase the informativeness and
accuracy of diagnosis of predictors of endometrial
implantation failure, which is especially important in
IVF programs. And the formed sonographic criteria
of the ability of the endometrium for implantation
can be clarified and expanded in the list in the
course of further research, it is also possible to
improve the algorithm of preconceptional care.
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