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ABSTRACT
Despite the willingness, humans belong to the species with the limited procreation possibilities. Infertility affects about 
15 % of population is the very important subject for the reproductive medicine. An assisted reproductive technology 
(ART) offers the significant chance for the infertile couples, but it does not give the guarantee for the pregnancy and for 
the birth of a healthy child. The implantation of embryo, despite numerous trials and attempts, remain the last barrier  
in the assisted reproduction technologies; thus, the endometrial receptivity becomes the subject of permanent interest. 
In this review we have tried to present various methods of improvement of an endometrial receptivity with the conclu-
sion that we still wait for the valuable prognostic factor in the treatment of infertility by ART which could predict the 
chance for the birth of a healthy child.
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INTRODUCTION
Infertility presents a significant issue for reproductive 

medicine. There are many definitions of this phenomenon 
but the most used definition is the inability to conceive after 
one year of unprotected intercourses. Infertility is identified 
as childlessness and the World Health Organisation (WHO) 
expresses no doubts labelling infertility as a disease, what 
is more, due to its high prevalence infertility has been 
named a social disease. Approximately 85% of couples are 
able to conceive spontaneously within 12 months which 
also means that about 15% of couples have a problem 
with reproduction. According to data from literature, more 
than 50 000 million couples have a problem with reproduc-
tion [1] with the dominant male factor for this disease [2]. 
Infertility shows its own specificity. It is always disease of 
couple; the only effective treatment of this disease is a de-
livery of healthy baby. Infertility leading to childlessness has 
various sociopsychological aspects, moreover “infertility 
stress” is comparable to the stress of neoplastic diseases 
and acute myocardial infarction. Only AIDS is considered 
to have a stronger negative impact on life. Young people 

are very often shocked and overwhelmed without knowl-
edge what to do. The diagnosis of infertility often causes 
intense emotional reactions. Couples are worried the about 
potential of having no children, dreams of the continua-
tion of a family and genetic line. Even some parents of the 
couple are affected by the problem of infertility, as they are 
not given the chance of becoming grandparents. Among 
the couples which have problems with reproduction there 
are different causes of this disease. According to the data 
from literature nowadays is as the dominant factor male 
one [2]. Other causes are ovulation disturbances including 
polycystic ovary syndrome (PCO) [3], oviduct abnormalities 
most often caused by inflammatory processes and surgi-
cal interventions occurred in the past, endometriosis with 
different advancement stages, unexplained infertility [4], 
anatomical abnormalities of the uterus. Before the era of 
the assisted reproductive technology about 50% of infertile 
couples have been deprived of the effective therapeutic 
methods. The birth of the first baby after in vitro fertilization, 
unjustly called “test tube baby”, has opened a new era in the 
management of problems with infertility. The Nobel Prize 



327

Marian Szamatowicz, Jacek Szamatowicz, Implantation of embryos and ART

www. journals.viamedica.pl/ginekologia_polska

Committee announced in vitro fertilization and embryo 
transfer, in short IVF/ET is the most significant discovery 
of the 20th Century, as it gives chances for parenthood 
to millions of couples previously considered irretrievable 
infertile. Nevertheless, it should be remembered that with 
the application of ART for the treatment of infertility there 
is always a chance for parentage and but 100%. The pio-
neer of ART. treatment Edwards R. wrote in 2006 [5] that 
human implantation is the last barrier in assisted reproduc-
tive technology. In this review we will present the easiest 
and useful methods for clinicians of assessing endometrial 
receptivity, as well as how to improve the implantation 
rate that in consequence will give the highest cumulative 
live birth rate.

ASSESEMENT OF ENDOMETRIAL 
RECEPTIVITY

There are two major goals for clinicians who deal with 
infertility The efficiency of the treatment, considered as the 
home taken healthy baby, and not as “clinical or biochemi-
cal surrogate end points,” presented in many publications, 
and safety of the procedures proposed to solve the case of 
childlessness must be always kept in mind. In comparing 
fecundability in people with other species, the fecundity 
of human being is much smaller and the probability of 
a woman becoming pregnant in a cycle is approximately 
20–25%, depending on her age. When in cases of infertility 
there is a proposition of assisted reproductive technology 
(IVF/ET) and when about 25–35% is obtained in the live 
birth per cycle [6] it sounds as the “good success rate”. The 
treatment of infertility is expensive, and one must realize 
that if the success rate is 25 to 35%, it means 65–75% is 
the “failure rate”. No doubt such situation is distressing for 
couples undergoing both heavy financial as well as psy-
chological costs of the procedure [6]. During last decades 
the protocols of the controlled ovarian hyperstimulation 
has been improved and the optimal number of mature 
follicles has been obtained, there are new equipment for 
the culture of embryos but efficiency of ART has gained 
some “plateau”. It appeared that implantation of embryos 
is the most limiting factor in the treatment of infertility and 
hence, quite understandable interest in so called endome-
trial receptivity. This receptivity, besides normal and good 
quality of blastocyst, plays a crucial role in the process of 
implantation and finally decides about the life birth ratio 
as well as about the cumulative life birth ratio, the truest 
results of infertility treatment [7–9]. The implantation of 
embryos is a very complex process which involves both 
the embryo and maternal endometrium and the key to this 
process is the cascade of molecular mechanisms regulated 
by endocrine, paracrine and autocrine modulators both of 
embryonic and maternal origin [10–13]. There is a commonly 

accepted opinion that implantation process depends on the 
three basic conditions: normal “receptive” endometrium, 
normal functional blastocyst and on „propter” dialogue and 
communication between the above-mentioned structures 
[14–17]. Endometrial receptivity is described as the tempo-
rary and exceptional sequence of events and factors which 
allow for the embryo to implant in the uterus. The “implanta-
tion window”, which occurs 6–10 days after ovulation is the 
proper time for embryos implantation [14]. For the clinicians 
dealing with ART it is significant to diagnose the best time 
for the embryo transfer. As the endometrial receptivity plays 
the significant role in the results of the infertility treatment 
by ART there are commonly employed in clinics methods 
of its evaluation: morphology, ultrasonography, investiga-
tion of the vagino-cervical fluid, assessment of the single 
biomarkers and OMICs. Morphological assessment of the 
endometrial receptivity relays on the using of Noyes criteria 
and on the formation of pinopodes [18]. These methods are 
considered as controversial because they require the biopsy 
of an endometrium. Ultrasonography — 2/3D power Dopler 
allows, however, in the non-invasive method, evaluates the 
thickness, structure and volume of endometrium. Moreover, 
this method enables the measurement of the pulsatile, 
vascular resistance, and flow indexes. The ultrasonographic 
assessment enables the identification of couples with the 
bad implantation prognosis however it is not possible to 
foresee the result of ART in the infertility treatment [19]. 
There are two possibilities to obtain of the fluid to investi-
gate of the excretion of cytokines, interleukins and growth 
factors: washing with the results changed by the dilution 
and aspiration with the components of cervical mucus and 
blood. The further investigations are necessary to iden-
tify the markers speaking for the favourable endometrial 
receptivity [20]. The most promising are investigations of 
the single marker showing the best time for embryo trans-
fer. The observation of many proteins with the temporary 
expression during the “implantation window” allowed for 
preparing the list of candidates: glikodelina, aVb3 integ-
rina, osteopontina, LIF, colony stimulating factor (CSF-1). 
Regrettably, at the moment the results of these studies do 
not allow for proposing the molecule as the positive single 
endometrial receptivity marker [21]. Another endometrial 
marker is MAG considered to be the substance excreted 
by the endometrium just before the implantation and re-
garded as the endometrial function test (ETF). It is based on 
the expression of cycline C and p27 and recommended in 
same cases before the ART treatment [22]. The molecular 
conception of the implantation is the hope for the better 
understanding of the pathological processes of this signifi-
cant step in infertility treatment and great improvement the 
effectiveness of ART as well as diminishing the percentage 
of the recurrent implantation failure (RIF) [23, 24].



328

Ginekologia Polska 2023, vol. 94, no. 4

www. journals.viamedica.pl/ginekologia_polska

STRATEGY FOR THE IMPROVEMENT  
OF ENDOMETRIAL RECEPTIVITY

The clinicians dealing with the problem of infertility and 
having in mind that endometrial receptivity plays a crucial 
role in the effectiveness of ART treatment, can find in the sci-
entific literature hundreds of different attempts to improve 
both LBR as well CLBR. Below, there is the list of different 
strategical attempts to gain the above-mentioned goal. 
The first step in IVF/ET methods is controlled ovarian hy-
perstimulation (COH). In these protocols there are propos-
als which do not diminish the endometrial receptivity and 
even could increase it. In such protocols there is no place for 
a clomiphene, but the addition of an exogenous oestradiol 
can have the positive effect, diminishing concentration 
of an oestradiol in preimplantation phase recommending 
step-down protocols in high responders, elimination of 
the high concentrations of progesterone adding of anti-
progestogens and finally the strategy of the transfer of the 
high quality three embryos [25, 26]. There is a significant 
progress in the freezing of embryos using vitrification tech-
niques, which do not damage their biological activity and 
hence the strategic proposal is to delay of the transfer in the 
natural cycle [27, 28]. The improvement of the uterus blood 
flow is the goal for numerous clinical trials. The administra-
tion of small doses of aspirin for blocking the synthesis of 
thromboxane and to induce the synthesis of prostacyclin, 
employment of L-arginine (donor of nitric oxide NO) as 
well as nitro-glycerine (donor of NO too) and intravaginal 
sildenafil they are aimed at improving uterus blood flow 
in cases suspected for diminished endometrial receptivity 
[29–32]. In the strategy for the improvement of an endome-
trial receptivity the important role plays treatment of the 
functional and anatomical conditions. It has appeared that 
progesterone is the most effective way to support luteal 
phase insufficiency. The application of progesterone is bet-
ter than injections of choriogonadotropin mostly due to the 
less frequent OHSS [33]. In the cases of hyperprolactinemia 
the addition of dopamine agonists gave positive effect [34]. 
It has been also recommended to perform myomectomy in 
cases deforming uterus cavity [35], hysteroscopic incision of  
intrauterine adhesions [36], and laparoscopic elimination  
of the fallopian tube hydrosalpinxes [37].The very contro-
versial subject in the strategy of an improvement of an en-
dometrial receptivity is the endometrial scratching /injury/ 
in the cycle before embryo-transfer [38, 39].There are data 
suggesting that such scratching might cause the increase of 
chance for pregnancy in cases of RIF, but there are also infor-
mation that endometrial scratching is without any positive 
effect [40]. There are also suggestion of using, as an alterna-
tive strategy in women with thin endometrium and recur-
rent implantation failure, intrauterine infusion of autologous 
platelet-rich plasma (PRP) in assisted reproductive technolo-

gy (ART) leads to better results. For better results the authors 
stated that these findings need further confirmation in large 
prospective and high quality controlled, randomised trials 
[41]. Finally, the mode of transferring also can influence the  
effectiveness of infertility treatment. In clinical practice  
the precise evaluation of the uterine cavity, avoiding con-
tractions of this organ by administering Valium or atosiban, 
extraction of cervical mucus and proper placing of embryo 
with the help of USG, are all ways which should not be 
omitted when looking for the increase of the effectiveness 
infertility treatment [42, 43]. 

CONCLUSIONS
There is no doubt that implantation of embryos and en-

dometrial receptivity, mostly during well-defined implanta-
tion window plays the crucial role in the expected results of 
infertility treatment by ART. In the literature devoted to this 
subject one can meet different proposals however it should 
be emphasized that they are described as the proven and 
unproven methods of infertility treatment [44]. While ana-
lysing available proposals clinicians should remember that 
none of the receptivity markers has sufficient discriminating 
value to act as a diagnostic test for an endometrial receptiv-
ity which allows for prediction pregnancy and delivery of 
the live, healthy baby. Nevertheless, there is some hope that 
further investigations, involving modern molecular tests of 
an endometrial receptivity (ERA, ER Map/ER) allow clinician’s 
obtaining of awaited tools for the personalized infertility 
treatment. Minimizing ineffective attempts and increasing 
value of the obtained results it is a great challenge for the 
investigators dealing with infertile couples [45, 46].
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