Medicine and biology

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES

OF THE REPUBLIC OF KAZAKHSTAN

ISSN 2224-5227 https://doi.org/10.32014/2020.2518-1483.27
Volume 2, Number 330 (2020), 21 - 28

L. Chaloval V. Lokshin2, M. Orazov3, A. Rybina2, T. Kim1 A. Kinzhibayevl

1LLP «M1» Health and Science Center LLP, Nur-Sultan, Kazakhstan;
2ICCR «Persona», Almaty, Kazakhstan;
3PFUR, Moscow, Russia.
E-mail: Isaat@ mail.ru; v_lokshin@ persona-ivf.kz; omekan@ mail.ru;
kimtv_12@ mail.ru; kinzhibay@ gmail.com; oedema@ mail.ru

MODERN METHODS OF DIAGNOSIS AND TREATMENT
OF CHRONIC ENDOMETRITIS, IN PREPARING PATIENTS
FOR ASSISTED REPRODUCTIVE TREATMENT TECHNOLOGIES
(LITERATURE REVIEW)

Abstract. Since the chronic endometritis often leads to impaired reproductive function causing infertility, failed
IVF attempts, miscarriage, and complicated pregnancy and childbirth, it has become not only medically relevant but
also socially significant. For successful embryo implantation, the thickness of the endometrium should be at least
7 cm. Even though there is always a chance for embryo implantation, despite the endometrial hypoplasia, the
attachment may be fragile, and such pregnancy may cease its development further on. Recently, in connection with
an increase in the rate of developing allergic reactions, dysbacteriosis, and the emergence of drug-resistant strains of
microorganisms, a search for new treatment methods to avoid these complications has begun. One of such methods
in treating chronic endometritis, satisfying several requirements (efficiency, comfort, accessibility, safety), is the
ultrasonic cavitation of the uterine cavity.

Key words: ART, infertility, chronic endometritis, hypoplasia of endometrium, failed IVF attempts, ultrasonic
cavitation.

Despite tremendous successes achieved in recent decades in the field of reproductive medicine,
embryology, and genetics, the problem of infertile marriage is still far from being solved. According to
world statistics, the effectiveness of Assisted Reproductive Technologies (ART) in overcoming infertility
per transfer of one embryo does not exceed 25-40 %.

Infertility is the inability of a sexually active couple, who do not use contraception, to achieve
pregnancy within one year. According to the World Health Organization (WHO), the infertility rate
fluctuates between 15 and 18 % and does nottend to decrease [1].

The beginning of the age of reproductive medicine has revealed new possibilities for preservation of
fertility in both women and men. Today, the world uses such technologies as IVF, ICSI, epididymis and
testis biopsy, gamete donation, surrogacy, preservation of fertility in cancer patients by cryopreservation
of gametes - sperm and egg cells, cryopreservation of ovarian tissue for the future autotransplantion,
preimplantation genetic testing of the embryo, and recently, experimental modification of human embryo
genome [2, 3, 4]. Nevertheless, the development of new methods that can improve the effectiveness of
ART is still ongoing.

In Kazakhstan, according to various sources, infertility rates reach 20 %. Thus, this has led to
increased use of ART as the most effective way to overcome infertility, as well as the implementation of
ART into the state program [4].

Disruption of proper implantation during the transfer of good quality embryos due to non-receptive
endometrium is the most significant cause of reproductive failure in ART, taking up to 70 % of their
structure. Successful implantation requires a receptive endometrium, a functional embryo at the stage of
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blastocyst, and a synchronized “dialogue” between maternal and embryonic tissues [5, 6]. The problem of
repeated implantation failure is considered to be one ofthe most difficult to overcome in the practice of
reproductive medicine and infertility specialists.

The processes required for conception, such as trophoblast invasion and further fetus development,
occur in the endometrium during certain days [7]. Due to the formation of connective tissue, as a result of
prolonged inflammation in the endometrium, blood circulation is disturbed, and sensitivity to hormones
decreases; thus, changes in normal functioning cause chronic endometritis [8].

Chronic endometritis (CE) is a clinicopathologic syndrome where as a result of prolonged damage to
the endometrium by an infectious agent, morphofunctional changes take place, disrupting the cyclic
transformation and receptor apparatus of the uterine mucosa [5]. This pathology occurrence rate varies
from 3 to 73 %, giving rise to primary infertility in 24.8 %, secondary infertility in 35.6 %, unsuccessful
IVF attempts and embryo transfers in past medical history in 30 % of cases, as well as miscarriage,
complicated pregnancy, and childbirth [9, io, 11].

Risk factors for the development of CE in patients of reproductive age with menstrual dysfunction are
age group of women older than 3o years, the presence of urinary system diseases, history of abortion and
premature birth, chronic salpingo-oophoritis and endometrial polyps, history of uterine fibroids, surgical
interventions on the reproductive system organs, prolonged use of intrauterine contraceptives [8, 12, 13].

In 95 % of cases, endometritis is exogenous (primary), caused by sexually transmitted infections, or
occurred as a result of intrauterine diagnostic and treatment procedures. In the other 5 % of cases,
endometritis is endogenous (secondary) and develops when infection from extragenital sources gets
through hematogenous, lymphogenous, or descending pathways [5, 8, 12].

CE has typical characteristic features such as a change in the etiological structure, drug-resistant
bacterial flora growth, long periods of therapy, changes in clinical symptoms towards weakened or barely
perceptible forms and atypical course of a disease. CE clinical presentation includes disruption of
menstrual and reproductive functions. A persistent inflammation area existing in the small pelvis results in
disruption of the menstrual cycle in 45-55% of patients, manifesting in the form of meno- and
metrorrhagia, oligo- and opsomenorrhea, algodismenorrhea, and amenorrhea. 21% of patients experience
chronic pain [14, 15]. 80-90 % of patients suffering from CE present with symptoms as intermenstrual
bleeding, menorrhagia, and contact-spotting [5, 12].

In 60 % of cases of typical miscarriages, there is a close link to CE. Endometrial stromal fibrosis
takes the main part in the pathogenesis of this problem, resulting in a significant decrease in blood flow
due to the reduction ofthe capillary bed. This, in turn, leads to inadequate secretory transformation of the
endometrium and disrupts pregravid restructuring ofthe mucosa ofthe uterine body [5, 12, 13].

The CE diagnosis is based on a comprehensive assessment of a number of clinical, morphological,
and instrumental data.

A comprehensive method for the diagnosis of CE allowed to improve verification ofthis pathology by
64.6 % compared to histological confirmation of CE only after a biopsy ofthe endometrial tissue [16].

Ultrasound examination of pelvic organs is a screening method for chronic endometritis. Sonographic
signs of CE include the following: irregular form areas and reduced echogenicity of the endometrium;
changes in the endometrium structure; identification of gas bubbles, sometimes with the typical “comet
tail” acoustic effect; clear hyperechoic formations 0,1-0,2 cm in diameter, visualized in the basal
endometrium layer and being sources of fibrosis, calcinosis; expansion of the uterine cavity up to
0,3-0,7 ¢cm due to fluid contents. Dopplerometric studies show hemodynamic disturbances in the vessels
of the uterus and the vascular basin of the pelvis and asymmetry of the myometrium vascularization
[8, 12, 13, 17].

During hysteroscopy, the wuneven color and hyperemia of the endometrium are observed.
Morphological examination of the endometrium on the 7-ioth day of the menstrual cycle is the "golden
standard" for the CE diagnosis [13, 5]. Diagnostic signs of CE detected during hysteroscopy are revealed
only in 82,6 % of patients, which is verified by the morphological method and immunohistochemical
CD138 studies [8, 18, 19, 20, 21]. These data coincide with the results of studies accomplished by other
authors, demonstrating that only 30% of female patients have the most informative CE signs, such as
uneven thickness of the endometrium, polypoid growths, uneven color and hyperemia of the mucous
membrane. At the same time, the sensitivity of this method is only 40 % and specificity is 80 %
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(for comparison, the corresponding morphological indexes of endometrial aspirates are 93 and
loo %) [22]. Therefore, in cases of suspected CE, hysteroscopy is an important step to exclude the entire
spectrum of intrauterine pathology, but not to verify the diagnosis.

Comprehensive treatment of chronic endometritis should include antibacterial, metabolic, antioxidant,
immunomodulating and physiotherapy. The therapy effectiveness criteria present as relief of clinical
symptoms, restoration ofthe endometrium echographic picture, elimination or reduction of the infectious
agent activity, restoration ofthe morphological structure ofthe tissue, as well as restoration of fertility.

Despite the recent innovations in stimulation protocol schemes, reproductive immunology, culture
medium, technical equipment, and application of preimplantation genetic testing, implantation and
genetic health of embryos remain the leading cause behind the effective implementation of IVF programs
[15, 23, 24].

The issues of pregravid preparation of married couples, taking into account microflora status and
dysbiosis ofthe vagina and uterus, are being discussed [19].

The problem of relatively ineffective results in ART programs leads one to consider various aspects
ofincreasing the frequency of implantation and childbirth.

The effectiveness of IVF programs directly correlates with the age of female patients; according to
various authors, embryo implantation takes place more often in patients of a younger age [25].

During the initial implantation stages, the endometrium is invaded by trophectoderm cells; thus,
cytoplasmic characteristics of invading cells play a significant role. Probable genetic abnormalities during
further embryo growth might lead to a developmental arrest. Perhaps, this sequence of events leads to a
high incidence of clinical pregnancy, along with a high frequency of pregnancy interruption in female
patients of young age. The low rate of progressive pregnancy after embryo transfer (ET) within a group of
women over 40 years old allows doctors to recommend these patients the use ofdonor oocytes [25, 26].

Among the variety of causes for failed embryo implantation, endometrial thickness remains one ofthe
most important factors affecting pregnancy rate in ART. Good quality embryo and receptive endometrium
are the main factors for achieving a successful pregnancy. That is why thin endometrium significantly
reduces the pregnancy rate. Endometrium thickness of less than 7 mm is believed to give minimal chances
for successful conception [27].

The study of American scientists regarding the effects of endometrial thickness on pregnancy rate in
897 female patients with embryo transfer in IVF programs revealed that high pregnancy rate is observed in
women with an endometrial thickness of 9 mm or more, making it 39 % of females tested, whereas in
patients with an endometrial thickness of less than 9 mm it was 16 % [27, 28].

The use oftechnologies, such as hyperbaric oxygenation therapy (HOT), in patients preparing for IVF
programs in both men and women, leads to oxygen deficiency elimination, regional hemodynamics
improvement, biosynthesis activation; moreover, it has an anti-inflammatory and immunomodulating
effect [28] for embryo transfer and treatment of “thin endometrium” [30, 31, 32]. The procedure can be
performed not only during ovarian stimulation but also before and after embryo transfer.

On a 20-21st day of the cycle, endometrial scratching by pipelle-biopsy carried out using a special
catheter, and a sample is sent for histological and immunohistochemical studies if necessary. According to
modern data, there are conflicting opinions about the effectiveness of endometrial scratching. Some
studies provide information that confirms an increase in implantation rate, pregnancy, and childbirth
[33, 34]. At the same time, other studies have not shown a significant increase in the positive outcome of
embryo transfer programs [30, 31, 32, 35, 36].

To improve the receptivity and thickness of the endometrium, in 20il, researchers proposed the use
of granulocyte colony-stimulating growth factor (G-CSGF) for the first time. The mechanism of action
consists of colony-stimulating factors taking part in the repeated modeling of endometrial vessels, local
immune modulation, and cell pathways ofadhesion [30, 37].

Studies regarding the use of peripheral blood mononuclear cells show that, within the implantation
site, maternal blood containing peripheral blood mononuclear cells (PBMC) surrounds the embryo. The
number of maternal immune cells dramatically increases during the decidualization process. PBMCs
directly interact with trophoblast and then return to the mother’s bloodstream. There is a suggestion that
PBMCs, along with human chorionic gonadotropin (HCG), contribute to the interaction between the
embryo and the endometrium. Therefore, intrauterine administration of mononuclear cells from
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autologous blood cells suggests an increase in endometrial receptivity of female patients with repeated
embryo transfer failure [21, 30, 38].

As of today, there are several studies on the use of platelet-rich plasma; the first studies were
published in 20i5 by Y. Chang et al. [29, 38]. With intrauterine administration of plasma, the release of
biologically active substances, cytokines, and growth factors takes place. Among those growth factors are
fibroblast growth factor, platelet growth factor, vascular endothelial growth factor, transforming growth
factor, IGF-1, IGF-2, connective tissue growth factor, and interleukin-8. S. Zadehmodarres et al., and
A. Molina et al. in their studies noted the positive impact of this technique on outcome results in female
patients with thin endometrium and RIF [27, 40, 41].

The individual implantation window is a short period, corresponding to the 7-8th day after the
luteinizing hormone peak, during which adhesion and invasion of the blastocyst into the endometrium
becomes possible. In 20il, a group of researchers developed a transcription ERA signature, which makes
it feasible to determine the susceptibility of the endometrium to embryo implantation based on an
integrated algorithm for assessing the expression levels of matrix RNA-238 genes [41, 42]. In the natural
cycle before ET, on the 7th day after ovulation or on the 5th day of taking progesterone, in cycles with
cyclic hormonal therapy, endometrial pipelle-biopsy is performed. After receiving the results that the
endometrial receptivity status corresponds to the stage of the implantation window, preparations for the
ET procedure begin, performing it on the same day of the cycle with the established endometrial
receptivity. In the case of detecting a non-receptive status of the endometrium, the procedure is repeated,
changing the day of material sampling, sometimes repeating the study in several cycles, until a positive
result is obtained. Thus, the authors proposed an individual approach to choosing the day for ET
[41, 42, 43].

Treatment of the uterine cavity with a mixture of CO2 and N2 gases improves blood circulation in the
endometrium and increases the thickness of basal and functional endometrial layers [44, 45].

Gynecological massage is a scientifically proved therapeutic method that is widely used
in gynecological practice in Russia but has not yet found proper application in preparing women
for IVF [27].

Physiotherapeutic procedures are important methods for treating female reproductive system
disorders, as well as acute and chronic pathologies. Modern, technologically advanced techniques of
physiotherapeutic treatments include ultrasonic (US) cavitation of the uterine cavity. This method can be
used in both complex treatments, in combination with drug therapy, and also as monotherapy. There are
two possible ways to perform this procedure: contact (through a liquid medium) and non-contact. The
finely-dispersed cavitated solution is used as a liquid medium to irrigate the tissue.

Ultrasonic irrigation methods are based on the effect of low-frequency ultrasonic vibrations (up to 50
kHz) on a solution, passing through a 2 mm diameter hole in the working part of the waveguide. In this
case, the process of cavity formation, called cavitation, takes place in the areas of rarefaction of the
medium. The resulting cavity is filled with vapors of liquid and gas, soluble in the mentioned fluid. During
the formation of cavitation bubbles, the medium is compressed, and the previously formed cavities burst,
accompanied by sharp hydraulic impacts [12, 13, 46].

Treatment of the uterine cavity with antiseptic solutions, cavitated by low-frequency ultrasound, is
characterized by the following therapeutic effects: antibacterial, immunological, potentiating, trophic,
microcirculatory, and antioxidant [8].

Antibacterial and immune therapeutic effects manifest in a direct antimicrobial action due to the
disintegration of the microbial wall, the destruction of bacterial biofilms, and the activation of local
immune reactions; while inactivation of viruses occurs due to their oxidation by free radicals and
peroxidation compounds that briefly form in the intercellular space. The potentiating effect can be seen in
increasing sensitivity of microorganisms to the action of antibiotics and antiseptics, which leads to their
rapid elimination with small doses of drugs. Microcirculatory and antioxidant effects are achieved by
improving local blood flow due to myometrium micro-massage, resulting in an increase in endometrium
thickness during its hypoplasia (thin endometrium), prevention of scarring tissue changes, and
development of adhesions [47, 48, 49, 50, 51]. In preparation for ART and treatment during pregnancy,
combined use of uterine cavity irrigation with medicinal solutions, cavitated by low-frequency ultrasound,
as well as mud therapy in women after termination of non-developing pregnancy, results in a significant
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decrease in the level of pro-inflammatory cytokines and normalization of the genital tract micro-
biocenosis and anaerobic vaginal dysbiosis [50, 51, 53, 54, 55, 56]. The scope of possible usage for
ultrasound cavitation varies; some of the cases are endometritis, myometritis, purulent wounds,
postpartum ulcers, vaginitis, cervical insufficiency, preparation for intrauterine interventions. The
technique shows good clinical results and may come to be a real alternative to multistage antibiotic

therapy [57, 58, 59].

Timely diagnosis and modern principles oftreatment of CE with a personalized approach can increase
the effectiveness of IVF programs and reduce the frequency of miscarriage.

Despite the high achievements in scientific and clinical practice, the search continues for various
ways to increase the effectiveness of IVF programs.
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CO3bIIMA/bI SHAOMETPUT AUATHOCTUKACHI MEH EM1HIH 3SAMAHAYW 341CTEP1,
NAUNEHTTEPAT LLONAAY BATAAPTAMANAPBIHA JANBIHAAY LA LONAAHBITATbBIH
PEMPOAYKTUBT1 TEXHONOTNANAP (SAEBNETKE LLONY)

AHHOTauua. Kasipri yakbiTTa CO3bl/IManbl 3HAOMETPUT MNpPo6/MeMacbiHbLy €3eKTiNniri Tek MefuuuHanbikK
TYprblfaH raHa emec, COHbIMEH KaTap 3fieyMeTnK TyprbigaH Aa MaHbi3ra ue 60nbin oTbip, OMTKeHi 6”n aypy
KebLlece penpoAyKTUBTI PYHKUMAHbLIH 6:pblnybliHa, 6efeynikke, S K¥-HbIL caTci3giriHe, X YKTiflikke X3aHe XYKTiNik
neH 6ocaHyra askenefi. XXaTbipAblH WbIPbIWTbl KabaTbiH4a 3MO6PWOHAbI CITTI 6eklTy YLWiH 3HAOMETPUSAHbIL,
KanblHAbITbI KeM fiereHze 7 cM 601ybl KepeK. SHAOMETPUANBIK TMNONNa3na KesiHfe nMnnaHTayus xxacanybl MYMKiH,
6ipak nNpkeme H33ik 60nbiN, MAHAah XYKTiNIK OHbIL AaMyblH 04aH apbl TOKTaTybl MYMKiH. COHIbl yaKbITTa,
anneprusanbik peakuanapibiH, ANCOaKTEPUO3AbIH AaMy XUINIriHiH )KorapblinayblHa XX3He aHTMONOTUKaNbIK Tepanus
KesiHAe MWKpOOpraHu3MAepAiH TesiMfi WTaMmAapbiHbiH Naiiga 60nybiHa 6aifaHbiCTbl O0Cbl aCKblHYNapAblH angblH
any YWiH emeyfiH >KaHa aspwoTepw i3gey XKYprisinin kenefi. bipkatap Tanantapfbl KaHaraTTaHAblpaTblH
CO3bl/IMafibl  3HAOMETPUTTI empeyfAen ocblHAan 3gictepaiH 6ipi  (Tmimginik, KonainbibliK, KOMKETIMAINIK,
Kayincisgik) - XaTblp KybICblHa YbTPaAblObICTbIK KABUTAL WA eHTi3y 3jici.

TywH ce3gep: KPT, 6egeynik, co3bliManbl 3HAOMETPUT, IHAOMETPUANBLIK runonnasus, KO caTa3 apekeT-
Tepi, ynbTpaAbl6bICTbIK KaBUTaLMA.
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COBPEMEHHBLIE METOAbI ANATHOCTUKWN N NEYEHUA XPOHUYECKNX SHOOMETPUNTOB
BMNMOATrOTOBKE MAUMEHTOK KNMPOFrPAMMAM BCMNOMOTATE/IbHbIX
PEMPOAYKTUBHbBIX TEXHONOTMUIN (OB30P NNTEPATYPbI)

AHHOTauus. B HacTosilllee BpeMsi aKTyalbHOCTb NpPO6/eMbl XPOHWYECKOTO 3HAOMETpMTa MpuobpeTaeT He
TOMIbKO MEANLMHCKOE, HO M COLManbHOe 3HauYeHne, NOCKO/bKY AaHHOe 3a60/1eBaHNe 4acTo MPUBOAUT K HapYLLIEHUIO
PENpPOAYKTUBHON (YHKLUUW, sBAsSCb MpUUYMHOK Gecnnofus, HeyAauyHbiX nonbiToK 3SKO, HeBblHAWIMBAHUA
6epeMeHHOCTU, OC/IOXHEHHOTO TeyeHWs 6GepemMeHHOCTW W pofoB. [Ns YCMEeWHOro 3akpenfieHWs 3mM6puoHa B
Cnu3ncToii 060NMOYKe MaTKW, TOMWMHA 3HAOMETPUS [O/DKHA COCTaBNsTb He MeHee 7 cM. lpu runonnasuu
3HAOMETPUM €CTb BEPOSITHOCTb TOrO, YTO WMMMMAaHTaUWs NPOW30MAeT, HO TNPUKPENJeHUEe MOXET 0KasaTbes
HEMpPOYHbIM U Takasi GEpEMEHHOCTb MOXET B fla/ibHelllemM NpekpaTuTb CBOe pasBuTue. B nocrefHee BpeMs B CBA3U
C POCTOM 4acTOThbl Pa3BUTMS afepPrUYecKnX peakunii, fuc6akTeprosa n BOSHUKHOBEHNEM PE3NCTEHTHbIX LITAMMOB
MWKPOOPraHW3MOB MpU aHTWGaKTepuanbHOW Tepanuu BefETCA MOUCK HOBbIX METOJOB JIEUEHUS, MO3BOMSAIOLNX
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n36exaTb 3TUX OCNOXHEHUA. O4HUM U3 TaKUX METOL0B B Tepanmm XpOHUYECKOro 3HAOMEeTpUTa, YL0BAETBOPSIOLLUX
pagy TpeboBaHuii (3 heKTUBHOCTb, KOMGOPTHOCTb, AOCTYNMHOCTb, 6€30MacHOCTL), ABNAETCH MeTO[ Y/bTPa3ByKOBOIA
KaBMTaLMmM NONOCTN MaTKHW.

Kniouesble cnosa: BPT, 6ecnnogue, XPOHWYECKUIA 3HLOMETPUT, TFUMONNasusa 3HLOMETPUA, HeyfauHble
nonblTkN KO, ynbTpasBykKoBasa KaButauus.
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