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Chapter

Reasons and Mechanisms of

Recurrent Failed Implantation
in [VF

Violeta Fodina, Alesja Dudorova and Juris Evenpreiss

Abstract

Recurrent pregnancy loss (RPL) and recurrent implantation failure (RIF) are
serious problems in IVF and ICSI cycles. Different factors are showed to be respon-
sible for these clinical challenges — such as paternal, maternal, embryonic, immuno-
logical, infectious, hormonal, and others. In this chapter we have tried to review the
available data on reasons for the RIF, and systematize them into: 1) uterine factors;
2) embryo factors; 3) immunological factors; 4) other factors. Interplay between
all these factors play a role in RIF, and further investigations are needed to elucidate
their significance and interactions — in order to elaborate more definite suggestions
or guidelines for the clinicians dealing with artificial reproductive techniques and
facing RPL and RIF.

Keywords: IVF, failed implantation, embryo loss, pregnancy loss

1. Introduction

1978 was the year when the first IVF baby Louise Brown was born. From that
time reproductive technology progress grew exponentially as well as the experience
in current field. In the next years after Louise Brown birth initial implantation rates
were < 5% per embryo [1]. As ART technology progressed, many clinics replaced
cleavage-stage embryos to blastocyst-stage embryos, and switched from multiple
embryo transfers to double- or single-embryo transfers. Each of those achievements
led to the point where modern reproductology stands.

Despite the accumulated experience and knowledge, there are many medical
questions that need to be answered, because recurrent pregnancy loss (RPL) and
recurrent implantation failure (RIF) still exist.

RPL is a disorder defined by the American Society for Reproductive Medicine
(ASRM) as the loss of two or more consecutive clinical pregnancies until 20 weeks
of gestation [2]. It is known that around 5% of all women are experiencing two
consecutive pregnancy losses, 75% of which are implantation failures [3]. In the
case of RIF, because of rapidly changing field of ART there has been always a lack of
consensus on the definition of RIF, and up till today the definition of RIF is still not
unanimous.

One of the first attempts to define RIF was done by Coulam twenty years ago.

He defined RIF as a failure to achieve pregnancy with more than 12 embryos
transferred in several procedures [4]. During the consecutive 20 years, more and
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criteria have been added. A parameter of the blastocyst in the definition of RIF was
introduced in 2007: it has been stated that for RIF to be diagnosed, in the patients
history there should be the transfer of >8 of the 8-cell embryos, the transfer or > 5
blastocysts without achieving the pregnancy [5]. After that the researchers started
to specify that good-quality embryos is also a significant factor that should be
taken into account [6]. Good-quality embryo was defined as having the correct
number of cells corresponding to the day of its development and day-5 embryos
(blastocysts) were graded according to expansion and quality of the inner cell
mass and trophectoderm [7]. Coughlan with colleagues in 2014 proposed defini-
tion in which they also added the age of women [8]. About the same time, Lukasz
with co-workers stated that RIF should be defined as the absence of implantation
defined by a negative serum hCG 14 days after oocyte collection, after two consecu-
tive cycles of IVF, ICSI or frozen embryo transfer, where the cumulative number of
transferred embryos was no less than four for cleavage-stage embryos and no less
than two for blastocysts, with all embryos being of good quality and of appropriate
developmental stage [9]. The PGD Consortium, a specialized group of European
Society of Human Reproduction and Embryology, suggested one of the last defini-
tions of RIF: it is a failure to achieve pregnancy after >3 embryo transfers (ET) of
high-quality embryos in women <40 years, or transfers of >10 embryos in total in
multiple transfers. Presence or absence of pregnancy is diagnosed by an ultrasound
examination after the 5th week [8, 10, 11]. Implantation failure can depend on
different factors. Successful embryo implantation is an interactive process between
the blastocyst and the uterus. Synchronized development of embryos with uterine
differentiation to a receptive state is necessary to complete pregnancy. Implantation
failure may occur even on early stages during the embryo attachment or migra-
tion. As a result, there will be no objective evidence of a pregnancy, i.e. negative
urine or blood pregnancy tests (negative hCG) [12]. Another scenario - embryo
can migrate through the luminal surface of the endometrium and start to produce
hCG, which may be detected in the blood or urine. But even on this stage the
process could be disrupted before the formation of an intrauterine gestational sac.
In general, implantation failure is usually distinguished into two groups. The first
group included women who never shown quantifiable signs of implantation, such
as increased levels of hCG. The second group include women who have an evidence
of implantation (detectable hCG production) but it did not proceed beyond the
formation of a gestational sac visible on ultrasonography 2 weeks later [8]. From
the clinical point of view, as defined by the ASRM, implantation is considered
successful when there is ultrasonographic evidence of an intrauterine gestational
sac or by histopathological examination [2]. With vast numbers of potential causes
to consider, to diagnose an etiology of implantation failure is still a complex task for
every reproductologist. Some researchers attempted to present summarized reasons
of RIF. For example, Timeva et al. have divided RIF causes in three main groups:

1) multifactorial RIF with the subgroups of maternal or paternal factors, hormonal
or metabolic disorders, infections and thrombophilias; 2) endometrial RIF that is
caused due to thin (<6 mm) endometrium, with or without variations in vascular-
ity; 3) idiopathic RIF, which is unexplained failure to achieve pregnancy after
transfer of good quality embryos, without any anatomical and histological changes
in uterine cavity and endometrium, without any other disturbances in patient,
patient-partner and embryos [13]. Some other authors, in turn, have distinguished
etiologic groups such as decreased endometrial receptivity, defective embryonic
development and also multifactorial effectors, including into the multifactorial
group endometriosis, hydrosalpinges and suboptimal ovarian stimulation [6].
However, there are two main causes of implantation failure that are always present
in the majority of all the classifications: uterine and embryo factors. Therefore, we
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will shortly review these two, and will also add some data on the immunological
and other factors of interest in the context of RIF.

2. Uterine factors
2.1 Endometrial receptivity

Endometrial environment plays a crucial role in embryo implantation and early
placental development. There is a certain period of endometrial maturation during
which the trophectoderm of the blastocyst can attach to the endometrial epithelial
cells and subsequently proceed to invade the endometrial stroma, which is called
endometrial receptivity [14]. This complex process provides the embryo with the
opportunity to normally attach, implant and develop.

There is a short period of time during the menstrual cycle, when the endometrial
receptivity is optimal and embryo implantation is possible. This period is called “win-
dow of implantation” (WOI). Studies with donor embryos in humans have shown that
this receptive period starts at day 6 post ovulation and continues 4-5 days (or 3-6 days)
within the secretory phase (day 20-24 of the menstrual cycle) in most healthy women
[15, 16]. Endometrium is unique in its ability to block embryos from implanting, except
during this narrow window of receptivity, where endometrium undergoes morphologi-
cal, cytoskeletal, biochemical, and genetic changes [17]. As shown in the mouse models
(and is also true in the other species), WOI is regulated by ovarian steroid hormones.

In the receptive endometrium, crucial hormones are progesterone and 17p-estradiol
[18, 19]. In certain pathologic conditions, this window is narrowed or shifted, which
disrupts normal implantation, leading to infertility or pregnancy loss [15, 16].

2.2 Human endometrium transcriptomics

The transcriptome reflects the genes that are actively expressed at any given
time within a specific cell population or tissue [20]. Human endometrial receptivity
transcriptome is a rather complex issue because the quantity of crucial genes that
plays a main role in receptivity is still a debatable question. Despite so many publi-
cations that revealed hundreds of simultaneously up- and down-regulated genes,
the number of selected genes usually differs from one publication to another.

The early search using mouse models started with a few identified genes of
receptivity, such as leukemia inhibitory factor-LIF, Homeobox protein X3, genes
of embryo response- Cyclooxygenase 2-COX 2; and decidualization -Interleukin 11
Receptor-IL-11R [20]. In 2003 from comparing the gene expression pattern of 375
human cytokines, chemokines, and related factors in receptive and prereceptive
human endometrium identified IGF-1 (insulin-like growth factor-binding protein)
as a new endometrial receptivity gene [21]. Furthermore, Zhang et al. proposed 148
receptivity biomarkers [22]. Tapia et al. suggested a list of 61 receptivity biomarkers
[23]. Bhagwat et al. found 179 genes that have the potential to be called Receptivity
Associated Genes [24]. In an enrichment analysis used to identify a meta-signature
of highly presumed biomarkers of endometrial receptivity, a statistically significant
meta-signature of 52 up-regulated and five down-regulated genes was identified
[25]. The highest scores in receptive-phase endometrium reserved 5 up-regulated
transcripts - GADDA45A, SPP1, PAEP, GPX3 and MAOA. The five down-regulated
transcripts receptivity-associated genes were SFRP4, EDN3, OLFM1, CRABP2 and
MMP7 [22-24, 26, 27]. Interestingly, commercial Endometrial receptivity array
(ERA test) by Igenomix [28, 29] shares 47 genes in common with the identified 57
putative receptivity biomarkers.
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As the potential biomarkers for endometrial receptivity, many other molecules
have been also studied - like mucin (MUC-1), trophinin, L-selectin, Wingless
(Wnt) family members, etc. [30].

2.3 Endometrial receptivity Array

Endometrial receptivity array was developed and patented in 2009. The group
of Garrido Gomez from Igenomix have developed a clinical algorithm with a
computational predictor which test results are based on the expression analysis of
248 genes [29]. Expression profiling is accomplished by assaying mRNA levels with
microarrays or next-generation sequencing technologies (RNA-seq), that allowed
identification of the transcriptomic signature of the window of implantation [31].
The idea is to detect a specific point in time of endometrial cycle in which the
WOI starts, allowing physicians to perform personalized embryo transfer (pET).
The accuracy and consistency of the ERA test had been demonstrated in several
trials, that showed that the ERA test is a reliable and reproducible method for
determination of the exact time of the WOI that can be used with better results in
comparison to histological dating of endometrial receptivity [32]. A pilot study was
conducted by Igenomix of 17 RIF patients, who underwent oocyte donation and
routine embryo transfer (ET) but were then treated with pET after the personalized
diagnosis of their WOI. This study demonstrated that embryo-endometrial syn-
chronization within an optimal time-frame increases the chances of success in an
assisted reproductive treatment [33]. The same group showed that patients with at
least three previous failed oocyte donation cycles, and IVF patients aged <40 years,
with at least three failed IVF cycles with a receptive ERA diagnosis resulted in a
62.8% pregnancy rate [20]. Other groups also showed increased probability of
having successful implantation and pregnancy after performed pET in accordance
to the ERA result. Results in the Indian population revealed an endometrial factor in
27.5% of the RIF patients, which was significantly greater than 15% in the non-RIF
group [17]. Increased percentages of non-receptive ERA test in women with RIF
have been also demonstrated [17, 28, 34]. However, the data on the ability of the
ERA test to improve the implantation chances in RIF patients are conflicting, with
some studies showing no beneficial effect of the test [35, 36]. Also, some studies
failed to demonstrated concordance between the ERA test and histological dating of
the endometrial biopsies [37].

2.4 Uterine microbiome

Normal microbiome in healthy women primarily consists of hydrogen peroxide-
producing Lactobacilli species [38]. During infancy the vaginal flora consists
of aerobic and anaerobic bacterial populations, including Streptococcus and
Staphylococcus, Prevotella and Enterobacteria species [39]. When puberty comes,
the estrogen production causes glycogen to rise and pH to decrease with subsequent
domination by Lactobacilli species. Microbiomes of all reproductive organs (vagina,
cervix, Fallopian tubes, and ovaries) are significantly correlated [40]. It has been
suggested that instead of a single most frequent microbiome, there are multiple core
microbiomes: either dominated by variety of Lactobacillus species, or with a lower
percentage of Lactobacilli and dominance of anaerobic bacteria [38].

Studies indicate that lower diversity in the microbiome show better outcomes
[41-43]. It seems that gravid vaginal microbiome tends to be more stable and less
diverse through all the period of pregnancy [44] with major change such as an
increase in the dominance of four Lactobacillus spp. (L. crispatus, L. jensenii, L.
gasseri, and L. vaginalis) and a decrease in the amount of anaerobic species [45].
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Regarding the endometrial microbiome of women with RIF, Bacteroides and
Proteobacteria seem to be the most represented [46]. Meta-analysis that was done
in 2013 also proved that dysbiotic shifts are more frequent in subfertile population
[47]. Also, a contamination from the transfer catheter tip by Enterobacteriaceae,
Streptococcus, Staphylococcus, Escherichia coli and Gram-negative bacteria has a
negative effect on implantation and pregnancy rates [48-52].

3. Embryo factors
3.1 Embryo quality

Blastocysts (day-5 embryos) are graded according to expansion and quality of
the inner cell mass and trophectoderm. Other criteria include blastomeres of equal
size and regular in distribution, distribution of cytoplasm without granularity and
less than 10% fragmentation [7]. Good-quality embryo needs to have the correct
number of cells corresponding to the day of its development. To make this state-
ment and describe all the pathological elements in development, at least 4 decades
of research was needed to achieve the modern stage of embryo evaluation such as
time-lapse imaging.

At early stages a morphological evaluation of the embryo was the only criteria
for estimating developmental potential of embryo and predicting the probability
of achieving pregnancy [53]. The history behind the science of current time-lapse
embryo imaging goes back to 1997 when Payne et al. documented the use of time-
lapse video cinematography in order to observe the initial events in 38 normally
fertilized human oocytes and compare these events with the day 3 embryo develop-
ment [54]. After ten years based on Payne et al. work, Mio and Maeda extended the
analysis period to blastocyst stage and obtained 286 images of human oocytes and
embryos [55]. At the same year, Lemmen and colleagues analyzed the events that
occur during the first day of the development after fertilization of 102 oocytes by
using a microscope with an enclosed camera system [56]. They were the first group
that paid attention to embryo kinetic properties, by establishing a link between the
early disappearance of pronuclei after fertilization, early first cleavage, and many
blastomeres on day 2 of the development. After some period of time many authors
started suggesting that kinetic properties need to be added to the morphological
evaluation, like timing of embryonic cell divisions [57, 58].

At first the main focus was on time of first embryonic division or early cell
division after which embryo becomes 2-cell organism. Correlation between preg-
nancy rate and time of early cell division was first studied by Edwards group [59].
They concluded that the transfer of embryos that cleaved 24-26 h after fertilization
results in higher implantation and pregnancy rates compared to embryos with
delayed division. Later many other publications showed that to fast or to slow
cleavage has a negative impact on embryo development [60-62].

Modern time-lapse observation systems are developed for more optimized and
accurate selection of viable embryos that includes morphological grading with
the possibility to register kinetic parameters [60]. Time-lapse imaging has its own
benefits, like low light exposure in relation to traditional morphology observation
methods [63] and possibility of observing embryo inside incubator without moving
it, which provides stable and uninterrupted conditions that could be beneficial for
the final result [64].

Several statistical models were created to predict parameters like blastocyst stage
development and quality. Morphokinetic algorithms that could predict successful
implantation, biochemical or clinical pregnancy were described [60, 65, 66].
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3.2 Embryo aneuploidy

Throughout the life a human body and their cells are affected by many nega-
tive life-style and external environment factors. Adding the aging and cellular
senescence, it results in errors in chromosome segregation during meiosis I and II
[67]. Due to the aging of the oocytes, these errors lead to increase of embryos with
abnormal chromosome number. The reasons behind these chromosome segregation
errors are due to many factors, like incorrect formation of bivalents, derogation of
cohesins, sister kinetochores separation by large distances and incorrect attachment
of spindle microtubules to kinetochores during meiosis. Despite the well-known
fact of decreasing quality of oocytes with aging, many women in the modern age
delay having their first child until later in their life [68].

One of the largest studies on the impact of age on the aneuploidy rates was
performed in 2011. More than 20 000 oocytes were obtained from 2830 patients
with an average age of 38.8 years, and their polar bodies were examined using
FISH method. A study detected 20% of aneuploidies in women at the age of 35 that
increased to the nearly 60% aneuploidy oocytes in women over 43 years of age. Of
all the tested oocytes, almost half of them (46.8%) were aneuploid [69].

Detection and management of embryo anomalies that occur due to the age,
poor quality oocytes or sperm abnormalities may be accomplished by performing
preimplantation genetic testing (PGT) that allows to pick up and transfer blasto-
cysts with normal genetic constitution.

The history of PGT goes back to 1989 when Handyside performed first pre-
implantation genetic diagnostic (PGD) cases detecting a Y chromosome-specific
region with PCR in case of X-linked adrenoleukodystrophy and X-linked mental
retardation [70]. Defining embryo gender can complement to genetic testing of
monogenic disorders linked to the sex chromosomes.

With time PGT underwent significant methodological changes, starting from
the polar body testing and blastomere analysis to adapting trophectoderm biopsy
with subsequent blastocyst freezing [71]. In early days the blastomeres were ana-
lyzed using FISH method for chromosomes X, Y, 18, 13, and 21 [72]. The analysis of
more than a single cell has led to a more robust downstream molecular investigation
[73]. Molecular genetic testing started as analysis of single loci by PCR method and
grew to sophisticated single cell whole genome amplification [74]. Also, instead of
PGT many groups have tried to develop algorithms to detect ploidy based on mor-
phokinetic properties. There were several attempts to create such algorithms using
time-lapse monitoring. The idea was based on assumption, that embryos display
different cleavage dynamics depending on their genetic material, but this have not
been fully proved [75, 76].

PGT consists of two main tests: PGT-M and PGT-A. PGT-M is a pre-implantation
genetic testing of embryos for monogenic (or single gene) diseases. PGT-M is used
on as a part of IVF process in couples with hereditary genetic disorders.

PGT-A (preimplantation genetic testing for aneuploidy) is a procedure that
allows determining the chromosomal status of IVF embryos by screening all 23
pairs of human chromosomes including sex chromosomes. Many different methods
are used, which includes array comparative genomic hybridization (aCGH), quanti-
tative PCR (qPCR), single nucleotide polymorphism array (SNP array) and next-
generation sequencing (high and low resolution) (NGS). The difference between
those methods is in quantity of genomic amplification, ability to detect balanced
or unbalanced translocations, partial aneuploidies, polyploidy, and mosaicism. For
example, Array CGH, SNP array, and high resolution NGS utilize whole genome
amplification of genomic DNA but at the same time can introduce an artifact.
Quantitative PCR and low resolution NGS are not able to amplify the whole genome
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and because of their low genomic coverage small deletions or duplications could not
be detected [72].

In the PGT-A results embryos can be diagnosed three ways: as euploid with
the normal number of chromosomes; as aneuploid with abnormal number of
chromosomes, or mosaic - where 2 different cell lines are present within the same
embryo (often one euploid cell line and one aneuploid cell line). Regarding mosaic
embryos, it has been shown that mosaicism rates decrease with extended embryo
culture. This could happen due to embryos ability to self-correct or because euploid
cell lines predominate at later developmental stages [77].

However, the data on the ability of the PGT-A to improve the implantation and
live birth rates in RIF patients is also still a controversial issue [36, 78-80].

4. Immunologic factors
4.1 Lymphocytes Th1/Th2 profile and Th17

T lymphocytes are types of immune cells that originate from bone marrow and
mature in thymus cortex. One of those mature populations of lymphocytes are
T-helpers, which express antigens CD4. CD4+ T cells are divided into two major
types: T helper 1 (Thl) and T helper 2 (Th2) cells. Thland Th2 are characterized
by cytokines that they secrete and are important in cellular and humoral immunity
function. Th1 in general tends to be proinflammatory and secrete such cytokines
as interferon-y, TNF-a and interleukins (ILs) 1, 2, 6, 12, 15 providing help to other
T cells and macrophages. Th2 on the other hand, cancel out the Thl subpopulation
and serve as anti-inflammatory agents that secrete ILs 4, 5, 10 and provide help to B
cells, in the production of antibodies [81, 82].

During pregnancy, the milieu of Th cells in normal circumstances shifts towards
the prevalence of Th2 subpopulation. It happens due to rise of Progesterone, which
inhibits the secretion of Th1 cytokines. In immunologic profiles the levels of IL-4
and IL-10 goes up and levels of IL-2, TNF-a and interferon-y goes down. When
the child is born, he/she also has a Th2-dominant cytokine milieu, which quickly
changes because of the microbial colonization [83]. If the milieu reverses towards
the Th1 cell dominance, it could impact pregnancy by causing cytokine-triggered
abortion due to thrombotic/inflammatory processes in maternal uteroplacental
blood vessels.

It has been demonstrated on mice that injection of Thl cytokines, i.e., TNF-a
or IFN-gamma mediates abortion, while the administration of TNF-a antagonists
reduces the fetal loss [84]. However, Thl prevalence in the peripheral blood during
peri-implantation period is normal in healthy women, also, there is no correlation
between cytokine expression and serum hormone levels, which makes screening
tests difficult to use in predicting imbalance in future pregnancies [85, 86].

Liang et al. compared the ratios of pro- and anti-inflammatory cytokines
IFN-c/IL-4, IFN-c/IL-10, IFN-c/TGF-bl, TNF-a/TGF- bl in the RIF patients and
women with successful pregnancies. They discovered the shift towards pro-
inflammation in RIF group [87]. Another group also indicated that without any
difference in gestational age, the pro-inflammatory cytokine levels such as TNFa,
IFNy, are significantly higher in euploid miscarriages, than in healthy pregnant
women at 10-14 weeks of pregnancy [88].

As the role of Th1/Th2 population gain more and more evidence of their
relevance in fertility, the role of third population of cells like Th17 also gained
attention. Th17 cells are types of T-helper lymphocytes that are characterized
by pro-inflammatory cytokine IL-17 production. Signals such as transforming
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growth factor beta (TGF-p), interleukin 6 (IL-6), interleukin 21 (IL-21) and
interleukin 23 (IL-23) cause the Th17 formation in mice and humans while at
the same time these signals inhibit regulatory T cell differentiation [89, 90].
IL-17 is a cytokine which promotes the expression of various mediators of
inflammation while playing an important role in maintaining mucosal surfaces
pathogen free. The loss of Th17 cell populations at mucosal surfaces is related
to chronic inflammation and microbial translocation. It has been demonstrated
that the levels of Th17 cells in peripheral blood lymphocytes do not change in
women with normal pregnancy [91] but proportion of Th17 cells in the periph-
eral blood and decidua significantly increases in unexplained recurrent sponta-
neous abortion patients [92, 93].

4.2'TNF-a

Overproduction of TNF-a could have toxic effect of pregnancy despite its
necessity to assure endometrial receptivity. By analyzing cytokine profile of 210
women undergoing IVF with the endometrial secretion analysis technique, higher
TNF-a and IL-1b levels have been detected in patients with the previous history of
implantation failure that achieved clinical pregnancy [94]. This could emphasize,
that proinflammatory cytokines are also needed for successful transfer, pregnancy
to occur.

4.3 Regulatory T cells

Regulatory T cells, formally known as suppressor T cells or Tregs express
the CD4, FOXP3, and CD25 biomarkers and develop from the same lineage
as T-helpers [95]. These cells are best known for their function to generally
suppress Thl- and Th17-mediated immunity, or in other words - to suppress
autoreactive and alloreactive immune responses, thereby preventing autoim-
mune diseases and allograft rejection [96]. These cells also modulate the
immune system and downregulate induction and proliferation of effector T
cells (CD8+). Tregs are involved in the regulation of local maternal tolerance
towards the fetus, their concentration increases within 2 days of conception in
normal human pregnancy [97]. Expression of IL-10 and TGF-b by Tregs and
its suppression potential is significantly reduced in patients with unexplained
recurrent spontaneous miscarriage in comparison to fertile patients [98]. Tregs
also regulate the CD8(+) T cell differentiation by significantly reducing the
expression of perforin and granzyme B in the decidua compared to peripheral
blood EM CD8(+) T cells, which may also play a crucial role in establishing the
maternal immune tolerance cells [99]. It has been demonstrated that patients
with recurrent miscarriages and cellular immune imbalance could be treated
with intravenous immunoglobulin G given it increases the of Th17 and Foxp3(+)
Treg cell numbers [100].

4.4 Natural killers (NK) and uterine NK (uNK)

Parents wishing for a pregnancy are not tissue-matched, therefore, a mother’s
immune system has to be suppressed. NK cells seem to play an important role in this
process [101].

Natural killer cells, or NK cells, are a type of cytotoxic lymphocytes. In the
uterus there are a special type of Natural Killers that consists of two main subsets:
CD56 + CD16+ cells (10% of uNK) with dim phenotype, and CD56 + CD16-cells
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(90% of uNK) with bright phenotype [102]. The bright type that should be domi-
nant cell subset, has low cytotoxic ability and are potent in secreting the cyto-
kines [101].

IL-15 and IL-18 are involved in the maturation of uNK. As the potential mark-
ers of uNK activity, levels of IL-15 and IL-18 are positively correlated with uNK
levels in patients with implantation failure [103]. uNK cells increase in numbers
from about 70% up to 83.2% of the uterine leukocytes during the mid- to late
luteal phase, and first trimester of pregnancy [104, 105]. In some studies, it has
been established that uterine NK play a role in decidual vascularization. This
elevation of uNK CD56 cells density could contribute to increased angiogenesis in
pre-implantation period leading to reduced uterine artery resistance to blood flow,
endometrial oedema and as a result to implantation failure [106, 107]. Abnormal
decidual vascularization and the increase in angiogenic factors contribute to the
development of miscarriages and implantation failures.

4.5 Altered expression of associated molecules
4.5.1 Prostaglandins

Prostaglandins are group of physiologically active lipid compounds called
eicosanoids. Prostaglandins are synthetized from Arachidonic acid by the action
of cyclooxygenase (COX) isoenzymes [108]. Their function is to sustain homeo-
stasis, mediate pathogenic mechanisms by stimulating a reaction in one tissue
(inflammatory response) and inhibiting the same reaction in another tissue.
The type of the receptor to which the prostaglandins bind determines these
reactions.

Decidual cells also secrete prostaglandins that latter interacts in complex
reactions with other cytokines, growth factors and hormones like progesterone,
prolactin, relaxin.

Achache et al. suggested that decreased prostaglandin synthesis might be a key
factor in altered endometrial receptivity, therefore plays a role in implantation
failure. Levels of cytosolic phospholipase A2 (cPLA2a) and COX-2 that was mea-
sured by PCR and Western blot tests were found to be decreased in patients with
RIF in comparison to the fertile group. It was suggested that it might be detrimental
to implantation only when both enzymes are missing. Interestingly, in response to
the decreased function and presence of these enzymes, secretory phospholipase
A2 (sPLA2-IIA) was overexpressed. This overexpression most likely is a form of
compensation to maintain release of arachidonic acid [109].

Another data on RIF patients show that they express defective endometrial PG
on the days 21-24 of the cycle. It has been estimated at both mRNA and protein
level that already mentioned enzymes such as cyclooxygenase-2 (COX-2), secretory
phospholipase A2 group (sPLA2-IIA, sPLA2-V, sPLA2-IB), and other molecules like
glypican-1, PG-E synthase, PG-E receptors, and lysophosphatidic acid receptor 3
(LPA3), play an important role in PG synthesis and are found in very low concen-
trations in 85% of RIF patients [109].

4.5.2 HOX-a and E-cadherin

Certain type of transcription factors, such as HOXA-10 and E-Cadherin, could
also play the potential role in the implantation process. HOXA-10 and E-Cadherin
are localized in the glandular epithelium cells of endometrium. Specifically,
HOXA-10 in the nuclei of stroma cells and E-Cadherin the cytoplasm of glandular
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epithelium cells. Regarding HOXA-10 and E-cadherin expression, positive cor-
relation was established between significantly reduced levels of HOXA-10 and
E-cadherin expression in women with the history RIF, as compared with a control
group [110].

4.5.3 Leukemia inhibitory factor (LIF)

LIF primarily was identified as macrophage differentiation inductor of the
myeloid leukemia M1 cell line [111]. Later LIF started to be considered as the first
cytokine that is shown to play critical role in mice blastocyst development and
implantation [112]. The other functions of LIF included proliferation, differentia-
tion and cell survival [113]. Given the fact that LIFs mRNA is expressed during
days 18-28 of the menstrual cycle in the endometrium of the fertile women, it also
suggests it has a role in human implantation [114]. LIF expression is regulated by
Progesterone. Treating women with the progesterone receptor antagonist imme-
diately after ovulation, it reduces immunoreactivity of LIF at the expected time of
implantation [115].

Evidence for LIF role in human fertility was described several authors showing
that low concentrations of LIF in the uterine flushing fluid at day 26 may be a good
predictor of successful implantation, while at the same time endometrial explants
from infertile women and women with recurrent miscarriages secrete less LIF than
those from fertile women [116-119].

4.5.4 Apolipoprotein A-I

From the proteomic analysis of the endometrial biopsies, a new molecule was
found that could be a potential predictor of the endometriosis and even of the RIF
patients.

Apolipoprotein A-I (Apo A-I) was identified as an anti-implantation protein,
that is secreted by differentiating endometrium. It seems that higher expression
of Apo A-I can be found in ectopic secretory endometrium in patients with endo-
metriosis. This statement implies that dysregulation of certain molecule secretion
might be a significant factor in pathogenesis of endometriosis and a crucial point
for RIF [120]. But more date on this “fingerprint” is needed to apply it to the
diagnostics.

4.6 Antiphospholipid antibodies (APL)

Antiphospholipid syndrome (APS) is an autoimmune condition that is associ-
ated with thrombosis and morbidity in pregnancy [121]. The pathogenic pathway
by which whose conditions occur are not yet fully understood but it is known that
mechanisms may be heterogeneous. The main Antiphospholipid Antibodies (aPLs)
that is found in APS are lupus anticoagulant (LA), anticardiolipin antibodies
(aCLs) and anti-p2glycoprotein I antibodies (af2GPI) [122].

APS is diagnosed if at least one of three antiphospholipid antibodies are detected
on two or more occasions within a 12-weeks interval, and is associated with a
clinical condition such as thrombosis or morbidity in pregnancy. Morbidity in
pregnancy includes preterm delivery due to eclampsia, preeclampsia, unexplained
stillbirths at>10 weeks of gestation, or placental insufficiency, and three or more
consecutive miscarriages [123]. Recurrent early miscarriage is one of antiphospho-
lipid syndrome (APS) obstetrical features with the incidence of aPLs in 15-20% of
the patients with recurrent miscarriages [122]. However, the link between APS and
RIF should be further investigated.
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5. Other factors
5.1 Body mass index (BMI)

Obesity is defined as BMI equal to or more than 30. According to the WHO,
more than 1.9 billion adults of the world population are suffering from the extra
body mass (BMI >25), and more than 650 million are obese [124].

A significantly lower ongoing pregnancy rate and implantation rate in obese
women have been reported [125, 126]. The implantation rate, pregnancy and live
birth rate are shown to be lower in obese women with the tendency to progressively
go down with each unit of BMI (kilograms per square meter) [127]. It has been also
found that higher BMI is associated with lower clinical pregnancy rates especially in
women under age 35 using their own oocytes [128].

5.2 Ovarian response to stimulation

The goal of ovarian stimulation is the collection of multiple dominant follicles in an
effort to compensate for the inefficiencies of embryology culture, embryo selection,
thus improving chances for successful conception in IVF [129]. The definition of poor
ovarian response (POR) should be understood as an essential inability of woman’s
ovaries to properly react to the selected stimulation [130]. Atleast two of the following
three features must be present for the POR to be diagnosed: 1) advanced maternal age
(>40 years), or any other risk factor for POR; 2) a previous POR (<3 oocytes with a
conventional stimulation protocol); 3) an abnormal ovarian reserve test (antral follicle
count: 5-7 follicles, or Anti-Mullerian hormone 0.5-1.1 ng/ml) [131-133].

There are many risk factors that may cause poor ovarian response: short men-
strual cycle, single ovary, ovarian cystectomy, smoking, unexplained infertility,
previous chemotherapy and/or radiotherapy treatment, family history of premature
menopause, pelvic infection, etc. Further studies are needed to elucidate the role of
these factors in RIF.

5.3 Male factor

Many studies have emphasized the role of sperm DNA integrity on the fertility
of a couple, also reporting the relationship of the increased sperm DNA damage
and pregnancy loss after IVF and ICSI [134]. However, some studies have failed to
support a hypothesis that sperm DNA integrity is an important factor in RIF [135],
therefore, also this important question needs to be further investigated.

6. Conclusion

We have described that recurrent implantation failure in IVF cycles depends
on the interplay of many factors - female factors (different aspects of the uterine
health), embryo factors (embryo quality and aneuploidy), possibly male factors
(sperm DNA integrity), immunological factors, and probably many more. More

investigations are needed before the clinicians can be clearly advised what diagnos-
tic and treatment approaches must be implemented in the cases of RIF.

Acknowledgements

Authors are grateful to Anna Dorondo for her technical help.

11



Infertility and Assisted Reproduction

Author details

Violeta Fodina', Alesja Dudorova' and Juris Erenpreiss"**
1 Clinic “IVF-Riga’, Riga, Latvia

2 Riga Stradins University, Riga, Latvia

*Address all correspondence to: jerenpreiss@gmail.com

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

12



Reasons and Mechanisms of Recurrvent Failed Implantation in IVF

DOI: http://dx.doi.org/10.5772/intechopen.98301

References

[1] Niederberger C, Pellicer A, Cohen ],
Gardner DK, Palermo GD, O’Neill CL,
et al. Forty years of IVF. Fertil Steril.
2018;110(2):185-324.€5.

[2] Bashiri A, Halper KI, Orvieto R.
Recurrent Implantation Failure-update
overview on etiology, diagnosis,
treatment and future directions 11
Medical and Health Sciences 1114
Paediatrics and Reproductive Medicine.
Reprod Biol Endocrinol. 2018;16(1):4-7.

[3] Comins Boo A, Segovia AG, del
Prado NN, Fuente L de la, Alonso J,
Ramon SS. Evidence-based Update:
Immunological Evaluation of Recurrent

Implantation Failure. Reprod Immunol
Open Access. 2016;01(04).

[4] Coulam CB. Implantation failure and
immunotherapy. Hum Reprod
[Internet]. 1995 Jun 1;10(6):1338-40.
Available from: https://doi.org/10.1093/
HUMREP/10.6.1338

[5] Rinehart J. Recurrent implantation
failure: Definition. ] Assist Reprod
Genet. 2007;24(7):284-287.

[6] Margalioth EJ, Ben-Chetrit A, Gal M,
Eldar-GevaT. Investigation and
treatment of repeated implantation
failure following IVF-ET. Hum Reprod.
2006;21(12):3036-3043.

[7] Cutting R, Morroll D, Roberts SA,
Pickering S, Rutherford A, ACE on
behalf of the BFS and. Elective Single
Embryo Transfer: Guidelines for
Practice British Fertility Society and
Association of Clinical Embryologists.
Hum Fertil [Internet]. 2008 Jan
1;11(3):131-46. Available from: https://
doi.org/10.1080/14647270802302629

[8] Coughlan C, Ledger W, Wang Q,
Liu F, Demirol A, GurganT, et al.
Recurrent implantation failure:

Definition and management. Reprod
Biomed Online. 2014;28(1):14-38.

13

[9] Polanski LT, Baumgarten MN,
Quenby S, Brosens J, Campbell BK,
Raine-Fenning NJ. What exactly do we
mean by “recurrent implantation
failure”? A systematic review and
opinion. Reprod Biomed Online
[Internet]. 2014;28(4):409-423.
Available from: http://dx.doi.
org/10.1016/j.rbmo.2013.12.006

[10] Thornhill AR, deDie-Smulders CE,
Geraedsts JP, Harper JC, Harton GL,
Lavery SA, etal. ESHRE PGD
Consortium “Best practice guidelines
for clinical preimplantation genetic
diagnosis (PGD) and preimplantation
genetic screening (PGS).” Hum Reprod.
2005;20(1):35-48.

[11] Geyser PJ, Siebert IT. Early
Recurrent Pregnancy Loss. Obstet
Gynaecol Forum. 2015;25(1):28-31.

[12] Maesawa Y, Yamada H, Deguchi M,
Ebina Y. History of biochemical
pregnancy was associated with the
subsequent reproductive failure among
women with recurrent spontaneous
abortion. Gynecol Endocrinol
[Internet]. 2015 Apr 3;31(4):306-8.
Available from: https://doi.org/10.3109/
09513590.2014.994601

[13] Timeva T, Shterev A, Kyurkchiev S.

Recurrent implantation failure: The role
of the endometrium. Vol. 15, Journal of

Reproduction and Infertility. 2014.

[14] Lessey BA, Young SL. Structure,
Function, and Evaluation of the Female
Reproductive Tract [Internet]. Eighth
Edi. Yen & Jaffe’s Reproductive
Endocrinology: Physiology,
Pathophysiology, and Clinical
Management: Eighth Edition. Elsevier
Inc.; 2019. 206-247.€13 p. Available from:
https://doi.org/10.1016/B978-0-323-
47912-7.00009-3

[15] Lessey BA, Young SL. What exactly
is endometrial receptivity? Fertil Steril



Infertility and Assisted Reproduction

[Internet]. 2019;111(4):611-7. Available
from: https://doi.org/10.1016/j.
fertnstert.2019.02.009

[16] Bergh PA, Navot D. The impact of
embryonic development and
endometrial maturity on the timing of
implantation. Fertil Steril. 1992 Sep
1;58(3):537-542.

[17] Mahajan N. Endometrial receptivity
array: Clinical application. ] Hum
Reprod Sci. 2015;8(3):121-129.

[18] Tan J, Paria BC, Dey SK, Das SK.
Differential uterine expression of
estrogen and progesterone receptors
correlates with uterine preparation for
implantation and decidualization in the

mouse. Endocrinology.
1999;140(11):5310-5321.

[19] Paria BC, Huet-Hudsont YM,
Dey SK. Blastocysts state of activity
determines the “window” of
implantation in the receptive mouse
uterus. Vol. 90, Proc. Natl. Acad. Sci.
USA. 1993.

[20] Garrido-Gémez T, Ruiz-Alonso M,
Blesa D, Diaz-Gimeno P, Vilella F,
Simén C. Profiling the gene signature of
endometrial receptivity: Clinical results.
Fertil Steril. 2013;99(4):1078-1085.

[21] Dominguez F, Avila S, Cervero A,
Martin J, Pellicer A, Castrillo JL, etal. A
Combined Approach for Gene
Discovery Identifies Insulin-Like
Growth Factor-Binding Protein-Related
Protein 1 as a New Gene Implicated in
Human Endometrial Receptivity. ] Clin
Endocrinol Metab [Internet]. 2003;
88:1849-57. Available from: https://
academic.oup.com/jcem/
article/88/4/1849/2845539

[22] Zhang D, Sun C, Ma C, Dai H,
Zhang W. Data mining of spatial-
temporal expression of genes in the
human endometrium during the

window of implantation. Reprod Sci.
2012;19(10).

14

[23] Tapia A, Vilos C, Marin JC,
Croxatto HB, Devoto L. Bioinformatic
detection of E47, E2F1 and SREBP1
transcription factors as potential
regulators of genes associated to
acquisition of endometrial receptivity.
Reprod Biol Endocrinol [Internet].
2011;9(1):14. Available from: http://
www.rbej.com/content/9/1/14

[24] Bhagwat SR, Chandrashekar DS,
Kakar R, Davuluri S, Bajpai AK,

Nayak S, et al. Endometrial Receptivity:
A Revisit to Functional Genomics
Studies on Human Endometrium and
Creation of HGEx-ERdb. PLoS One.
2013;8(3).

[25] Altmae S, Koel M, Vésa U, Adler P,
Suhorutsenko M, Laisk-Podar T, et al.
Meta-signature of human endometrial
receptivity: A meta-analysis and
validation study of transcriptomic
biomarkers. Sci Rep. 2017;7(1):1-16.

[26] Horcajadas JA, Pellicer A, Simén C.
Wide genomic analysis of human
endometrial receptivity: new times, new
opportunities. Hum Reprod Update
[Internet]. 2007;13(1):77-86. Available
from: https://academic.oup.com/
humupd/article/13/1/77/751486

[27] Tseng LH, Chen I, Chen MY, Yan H,
Wang CN, Lee CL. Genome-based
expression profiling as a single
standardized microarray platform for
the diagnosis of endometrial disorder:
an array of 126-gene model. Fertil Steril
[Internet]. 2010;94(1):114-119.
Available from: http://dx.doi.
org/10.1016/j.fertnstert.2009.01.130

[28] Ruiz-Alonso M, Blesa D,
Diaz-Gimeno P, Gémez E, Fernandez-
Sdnchez M, Carranza F, et al. The
endometrial receptivity array for
diagnosis and personalized embryo
transfer as a treatment for patients with
repeated implantation failure. Fertil
Steril. 2013;100(3):818-824.

[29] Diaz-Gimeno P, Horcajadas JA,
Martinez-Conejero JA, Esteban FJ,



Reasons and Mechanisms of Recurrvent Failed Implantation in IVF

DOI: http://dx.doi.org/10.5772/intechopen.98301

Alamad P, Pellicer A, et al. A genomic
diagnostic tool for human endometrial
receptivity based on the transcriptomic
signature. Fertil Steril. 2011;95(1).

[30] Lessey BA. Assessment of
endometrial receptivity. Fertil Steril
[Internet]. 2011;96(3):522-529. Available
from: http://dx.doi.org/10.1016/j.
fertnstert.2011.07.1095

[31] Hung J-H, Deng Z. Analysis of
Microarray and RNA-seq Expression
Profiling Data. Cold Spring Harb
Protoc. 2016 Aug 29;2017.

[32] Diaz-Gimeno P, Ruiz-Alonso M,
Blesa D, Bosch N, Martinez-

Conejero JA, Alama P, etal. The
accuracy and reproducibility of the
endometrial receptivity array is superior
to histology as a diagnostic method for
endometrial receptivity. Fertil Steril.
2013;99(2):508-517.

[33] Ruiz-Alonso M, Galindo N,

Pellicer A, Simé6 C. What a difference
two days make: “personalized” embryo
transfer (pET) paradigm: A case report
and pilot study. Available from: https://
academic.oup.com/humrep/
article/29/6/1244/627046

[34] Tan ], Kan & A, Hitkari & ], Taylor
& B, Tallon & N, Warraich & G, et al.
The role of the endometrial receptivity
array (ERA) in patients who have failed
euploid embryo transfers. Assist Reprod
Technol [Internet]. 2018;35:683-92.
Available from: https://doi.org/10.1007/
s10815-017-1112-2

[35] Hashimoto T, Koizumi M,

Doshida M, Toya M, Sagara E, Oka N, et
al. Efficacy of the endometrial
receptivity array for repeated
implantation failure in Japan: A
retrospective, two-centers study. Reprod
Med Biol. 2017;16(3):290-296.

[36] Cozzolino M, Diaz-Gimeno P,

Pellicer A, Garrido N. Evaluation of the
endometrial receptivity assay and the

15

preimplantation genetic test for
aneuploidy in overcoming recurrent
implantation failure. ] Assist Reprod
Genet [Internet]. 2020;37(12):2989-97.
Available from: https://doi.org/10.1007/
s10815-020-01948-7

[37] Cohen A, Ye X, Colgan T,
Greenblatt E, Chan C. Comparing
endometrial receptivity array to
histologic dating of the endometrium in
women with a history of implantation
failure. Syst Biol Reprod Med. 2020

Sep 30;66.

[38] Ravel ], Gajer P, Abdo Z,

Schneider GM, Koenig SSK, Mcculle SL,
et al. Vaginal microbiome of
reproductive-age women. Available
from: www.pnas.org/cgi/doi/10.1073/
pnas.1002611107

[39] Huang B, Fettweis JM, Brooks JP,
Jefferson KK, Buck GA. The Changing
Landscape of the Vaginal
Microbiome. 2014;

[40] Walther-Anténio MRS, Chen J,
Multinu F, Hokenstad A, Distad TJ,
Cheek EH, et al. Potential contribution
of the uterine microbiome in the
development of endometrial cancer.
Genome Med [Internet]. 2016;8(1):1-15.
Available from: http://dx.doi.
org/10.1186/513073-016-0368-y

[41] Prince AL, Chu DM, Seferovic MD,
Antony KM, Ma ], Aagaard KM. The
Perinatal Microbiome and Pregnancy:
Moving Beyond the Vaginal
Microbiome. Available from: http://
perspectivesinmedicine.cshlp.org/

[42] Prince AL, Antony KM, Chu DM,
Aagaard KM. The Microbiome,
Parturition, and Timing of Birth: More
questions than answers. 2014;

[43] Aagaard K, Riehle K, Ma ], Segata N,
Mistretta T-A. A Metagenomic
Approach to Characterization of the
Vaginal Microbiome Signature in
Pregnancy. PLoS One [Internet].



Infertility and Assisted Reproduction

2012;7(6):36466. Available from: www.
plosone.org

[44] Romero R, Hassan SS, Gajer P. The
composition and stability of the vaginal
microbiota of normal pregnant women
is different from that of non-pregnant
women. Microbiome. 2014 Jan 1;2.

[45] Romero R, Hassan SS, Gajer P,
Tarca AL, Fadrosh DW, Bieda], et al.
The vaginal microbiota of pregnant
women who subsequently have
spontaneous preterm labor and delivery
and those with a normal delivery at
term. Microbiome. 2014;2(1):1-15.

[46] Verstraelen H, Vilchez-Vargas R,
Desimpel F, Jauregui R, Vankeirsbilck N,
Weyers S, et al. Characterisation of the
human uterine microbiome in non-
pregnant women through deep
sequencing of the V1-2 region of the 16S
rRNA gene.

[47] Van Oostrum N, De Sutter P, Meys J,
Verstraelen H. META-ANALYSIS
Infertility Risks associated with
bacterial vaginosis in infertility patients:
a systematic review and meta-analysis.
Hum Reprod [Internet].
2013;28(7):1809-1815. Available from:
https://academic.oup.com/humrep/
article/28/7/1809/611205

[48] Egbase PE, Al-Sharhan M,
Al-Othman S, Al-Mutawa M, Udo EE,
Grudzinskas JG. Incidence of microbial
growth from the tip of the embryo
transfer catheter after embryo transfer
in relation to clinical pregnancy rate
following in-vitro fertilization and
embryo transfer [Internet]. Vol. 11,
Human Reproduction. 1996. Available
from: https://academic.oup.com/
humrep/article/11/8/1687/598119

[49] Fanchin R, Harmas A, Benaoudia F,
Lundkvist U, Olivennes F, Frydman R.
Microbial flora of the cervix assessed at
the time of embryo transfer adversely

affects in vitro fertilization outcome.
Fertil Steril. 1998 Nov 1;70(5):866-870.

16

[50] Egbase PE, Udo EE, Al-Sharhan M,
Grudzinskas JG. Prophylactic antibiotics
and endocervical microbial inoculation
of the endometrium at embryo transfer.

Lancet. 1999 Aug 21;354(9179):651-652.

[51] Moore DE, Soules MR,

Klein NA, Fujimoto VY, Agnew K],
Eschenbach DA. Bacteria in the transfer
catheter tip influence the live-birth rate
after in vitro fertilization. Fertil Steril.

2000 Dec 1;74(6):1118-1124.

[52] Selman H, Mariani M, Barnocchi N,
Mencacci A, Bistoni F, Arena S, et al.
Examination of bacterial contamination
at the time of embryo transfer, and its
impact on the IVF/ pregnancy

outcome. 2007;

(53] Baczkowski T, Kurzawa R,
Glabowski W. Methods of embryo
scoring in in vitro fertilization. Reprod
Biol. 2004;4(1):5-22.

[54] Payne D, Flaherty SP, Barry MF,
Matthews CD. Preliminary observations
on polar body extrusion and pronuclear
formation in human oocytes using
time-lapse video cinematography. Hum
Reprod. 1997;12(3):532-541.

[55] Mio Y, Maeda K. Time-lapse
cinematography of dynamic changes
occurring during in vitro development
of human embryos. Am ] Obstet

Gynecol. 2008;199(6):660.e1-660.e5.

[56] Lemmen ]G, Agerholm I, Ziebe S.
Kinetic markers of human embryo
quality using time-lapse recordings of
IVF/ICSI-fertilized oocytes. Reprod
Biomed Online. 2008;17(3).

[57] Sakkas D, Shoukir,

Chardonnens D, Bianchi PG,
Campana A. Early cleavage of human
embryos to the two-cell stage after
intracytoplasmic sperm injection as an

indicator of embryo viability. Hum
Reprod. 1998;13(1).

(58] Lundin K, Bergh C, Hardarson T.
Early embryo cleavage is a strong



Reasons and Mechanisms of Recurrvent Failed Implantation in IVF

DOI: http://dx.doi.org/10.5772/intechopen.98301

indicator of embryo quality in human
IVE. Hum Reprod. 2001;16(12).

[59] Edwards RG, Fishel SB, Cohen J,
Fehilly CB, Purdy JM, Slater JM, et al.
Factors influencing the success of in
vitro fertilization for alleviating human
infertility. J Vitr Fertil Embryo Transf.
1984;1(1).

[60] Meseguer M, Herrero J, Tejera A,
Hilligsese KM, Ramsing NB, Remoh J.
The use of morphokinetics asa

predictor of embryo implantation. Hum
Reprod. 2011;26(10).

[61] Cruz M, Garrido N, Herrero J,
Pérez-Cano I, Mufioz M, Meseguer M.
Timing of cell division in human
cleavage-stage embryos is linked with
blastocyst formation and quality.
Reprod Biomed Online. 2012;25(4).

[62] Basile N, Meseguer M. Time-lapse
technology: Evaluation of embryo
quality and new markers for embryo
selection. Vol. 7, Expert Review of
Obstetrics and Gynecology. 2012.

[63] Ottosen LDM, Hindkjeer J,
Ingerslev J. Light exposure of the ovum
and preimplantation embryo during
ART procedures. ] Assist Reprod Genet.
2007;24(2-3).

[64] Meseguer M, Rubio I, Cruz M,
Basile N, Marcos J, Requena A. Embryo
incubation and selection in a time-lapse
monitoring system improves pregnancy
outcome compared with a standard

incubator: A retrospective cohort study.
Fertil Steril. 2012;98(6).

[65] Motato Y, de los Santos MJ,

Escriba MJ, Ruiz BA, Remohi J,
Meseguer M. Morphokinetic analysis
and embryonic prediction for blastocyst
formation through an integrated

time-lapse system. Fertil Steril.
2016;105(2).

[66] Yang ST, Shi JX, Gong F, Zhang SP,
Lu CF, Tan K, et al. Cleavage pattern

17

predicts developmental potential of day
3 human embryos produced by IVF.
Reprod Biomed Online. 2015;30(6).

[67]1 Handyside AH, Montag M,
Magli MC, Repping S, Harper ],
Schmutzler A, et al. Multiple meiotic
errors caused by predivision of
chromatids in women of advanced
maternal age undergoing in vitro

fertilisation. Eur ] Hum Genet.
2012;20(7).

[68] Webster A, Schuh M. Mechanisms
of Aneuploidy in Human Eggs. Vol. 27,
Trends in Cell Biology. 2017.

[69] Kuliev A, Zlatopolsky Z, Kirillova I,
Spivakova ], Cieslak Janzen J. Meiosis
errors in over 20,000 oocytes studied in
the practice of preimplantation
aneuploidy testing. Vol. 22,
Reproductive BioMedicine Online. 2011.

[70] Handyside AH, Kontogianni EH,
Hardy K, Winston RML. Pregnancies
from biopsied human preimplantation
embryos sexed by Y-specific DNA
amplification. Nature. 1990;344(6268).

[71] Renwick PJ, Trussler J,

Ostad-Saffari E, Fassihi H, Black C,
Braude P, et al. Proof of principle and
first cases using preimplantation genetic
haplotyping - A paradigm shift for
embryo diagnosis. Reprod Biomed
Online. 2006;13(1).

[72] Maxwell SM, Grifo JA. Should every
embryo undergo preimplantation
genetic testing for aneuploidy? A review
of the modern approach to in vitro
fertilization. Vol. 53, Best Practice and
Research: Clinical Obstetrics and
Gynaecology. 2018.

[73] Cimadomo D, Capalbo A,

Ubaldi FM, Scarica C, Palagiano A,
Canipari R, et al. The Impact of Biopsy
on Human Embryo Developmental
Potential during Preimplantation
Genetic Diagnosis. Vol. 2016, BioMed
Research International. 2016.



Infertility and Assisted Reproduction

[74] Fiorentino F. Molecular genetic
analysis of single cells. Semin Reprod
Med. 2012;30(4).

[75] Chavez SL, Loewke KE, Han J,
Moussavi F, Colls P, Munne S, et al.
Dynamic blastomere behaviour reflects
human embryo ploidy by the four-cell
stage. Nat Commun. 2012;3.

[76] Vera-Rodriguez M, Chavez SL,
Rubio C, Reijo Pera RA, Simon C.
Prediction model for aneuploidy in early
human embryo development revealed
by single-cell analysis. Nat

Commun. 2015;6.

[77] Santos MA, Teklenburg G,
MacKlon NS, Van Opstal D,
Schuring-Blom GH, Krijtenburg PJ, et
al. The fate of the mosaic embryo:
Chromosomal constitution and
development of Day 4, 5 and 8 human
embryos. Hum Reprod. 2010;25(8).

[78] Sato T, Sugiura-Ogasawara M,
Ozawa F, Yamamoto T, Kato T,
Kurahashi H, et al. Preimplantation
genetic testing for aneuploidy: A
comparison of live birth rates in patients
with recurrent pregnancy loss due to
embryonic aneuploidy or recurrent
implantation failure. Hum Reprod.
2019;34(12).

[79] Rubio C, Bellver ], Rodrigo L,

Bosch E, Mercader A, Vidal C, et al.
Preimplantation genetic screening using
fluorescence in situ hybridization in
patients with repetitive implantation
failure and advanced maternal age: Two
randomized trials. Fertil Steril.

2013;99(5).

[80] Hatirnaz S, Ozer A, Hatirnaz E,
Atasever M, Bagaranoglu S,
Kanat-Pektas M, et al. Pre-implantation
genetic screening among women
experiencing recurrent failure of in
vitro fertilization. Int ] Gynecol Obstet.
2017;137(3).

[81] Wegmann TG, Lin H, Guilbert L,
Mosmann TR. Bidirectional cytokine

18

interactions in the maternal-fetal
relationship: is successful pregnancy a
TH2 phenomenon? Vol. 14, Immunology
Today. 1993.

[82] Kalu E, Bhaskaran S, Thum MY,
Vishwanatha R, Croucher C, Sherriff E,
et al. Serial estimation of Th1:Th2
cytokines profile in women undergoing

in-vitro fertilization-embryo transfer.
Am ] Reprod Immunol. 2008;59(3).

[83] Raghupathy R. Thl-type immunity
is incompatible with successful
pregnancy. Vol. 18, Immunology
Today. 1997.

[84] Clark DA, Chaouat G, Arck PC,
Mittruecker HW, Levy GA. Cytokine-
dependent abortion in CBA x DBA/2
mice is mediated by the procoagulant
fgl2 prothrombinase [correction of
prothombinase]. ] Immunol [Internet].
1998;160(2):545-9. Available from:
http://www.ncbi.nlm.nih.gov/
pubmed/9551885

[85] Macklon N. Recurrent implantation
failure is a pathology with a specific
transcriptomic signature. Vol. 108,
Fertility and Sterility. 2017.

[86] Lim KJH, Odukoya OA, Ajjan RA,
Li TC, Weetman AP, Cooke ID. The role
of T-helper cytokines in human
reproduction. Fertil Steril. 2000;73(1).

[87] Liang PY, Diao LH, Huang CY,
Lian RC, Chen X, Li GG, et al. The
pro-inflammatory and anti-
inflammatory cytokine profile in
peripheral blood of women with

recurrent implantation failure. Reprod
Biomed Online. 2015;31(6).

[88] Calleja-Agius J, Jauniaux E,

Pizzey AR, Muttukrishna S.
Investigation of systemic inflammatory
response in first trimester pregnancy
failure. Hum Reprod.
2012;27(2):349-357.

[89] Ivanov II, McKenzie BS, Zhou L,
Tadokoro CE, Lepelley A, Lafaille J], et



Reasons and Mechanisms of Recurrvent Failed Implantation in IVF

DOI: http://dx.doi.org/10.5772/intechopen.98301

al. The Orphan Nuclear Receptor RORyt
Directs the Differentiation Program of
Proinflammatory IL-17+ T Helper Cells.
Cell. 2006;126(6).

[90] Hartigan-O’Connor D], Hirao LA,
McCune JM, Dandekar S. Th17 cells and
regulatory T cells in elite control over
HIV and SIV. Curr Opin HIV AIDS.
2011;6(3).

[91] Nakashima A, Ito M, Yoneda S,
Shiozaki A, Hidaka T, Saito S.
Circulating and decidual Th17 cell levels
in healthy pregnancy. Am ] Reprod
Immunol. 2010;63(2).

[92] Wang W], Hao CF, Yi-Lin, Yin GJ,
Bao SH, Qiu LH, et al. Increased
prevalence of T helper 17 (Th17) cells in
peripheral blood and decidua in
unexplained recurrent spontaneous

abortion patients. ] Reprod Immunol.
2010;84(2).

[93] Lee SK, Kim JY, Hur SE, Kim CJ,
Na BJ, Lee M, et al. An imbalance in
interleukin-17-producing T and Foxp3
regulatory T cells in women with

idiopathic recurrent pregnancy loss.
Hum Reprod. 2011;26(11).

[94] Boomsma CM, Kavelaars A,
Eijkemans MJC, Lentjes EG,

Fauser BCJM, Heijnen CJ, et al.
Endometrial secretion analysis identifies
a cytokine profile predictive of
pregnancy in IVF. Hum Reprod.
2009;24(6).

[95] Curiel TJ. Tregs and rethinking
cancer immunotherapy. Vol. 117, Journal
of Clinical Investigation. 2007.

[96] Sakaguchi S, Sakaguchi N,

Asano M, Itoh M, Toda M.
Immunologic self-tolerance maintained
by activated T cells expressing IL-2
receptor alpha-chains (CD25).
Breakdown of a single mechanism of
self-tolerance causes various
autoimmune diseases. ] Immunol.

1995;155(3).

19

[97] Schumacher A, Zenclussen AC.
Regulatory T cells: Regulators of life.
Vol. 72, American Journal of
Reproductive Immunology. 2014.

[98] Bao SH, Wang XP, De Lin Q,

Wang WJ, Yin GJ, Qiu LH. Decidual
CD4 + CD25 + CD127 dim/- regulatory
T cells in patients with unexplained
recurrent spontaneous miscarriage. Eur
J Obstet Gynecol Reprod Biol. 2011 Mar
1;155(1):94-98.

[99] Tilburgs T, Schonkeren D,
Eikmans M, Nagtzaam NM, Datema G,
Swings GM, et al. Human Decidual
Tissue Contains Differentiated CDS +
Effector-Memory T Cells with Unique
Properties . ] Immunol. 2010;185(7).

[100] Kim DJ, Lee SK, Kim JY, Na BJ,
Hur SE, Lee M, et al. Intravenous
immunoglobulin G modulates
peripheral blood Th17 and Foxp3+
regulatory T cells in pregnant women
with recurrent pregnancy loss. AmJ
Reprod Immunol. 2014;71(5).

[101] Lash GE, Robson SC, Bulmer JN.
Review: Functional role of uterine
natural killer (uNK) cells in human

early pregnancy decidua. Placenta.
2010;31(SUPPL.).

[102] Lachapelle MH, Miron P,
Hemmings R, Roy DC. Endometrial T,
B, and NK cells in patients with
recurrent spontaneous abortion. Altered
profile and pregnancy outcome. ]
Immunol. 1996;156(10).

[103] Lédée N, Petitbarat M, Rahmati M,
Dubanchet S, Chaouat G, Sandra O, et
al. New pre-conception immune
biomarkers for clinical practice:
Interleukin-18, interleukin-15 and
TWEAK on the endometrial side,
G-CSF on the follicular side. ] Reprod
Immunol. 2011;88(2).

[104] Nishikawa K, Salto S, Morii T,
Hamada K, Ako H, Narita N, et al.
Accumulation of cd16-cd56+ natural



Infertility and Assisted Reproduction

killer cells with high affinity interleukin
2 receptors in human early pregnancy
decidua. Int Immunol. 1991;3(8).

[105] Flynn L, Byrne B, Carton J,
Kelehan P, O’Herlihy C, O’Farrelly C.
Menstrual cycle dependent
fluctuations in NK and T-lymphocyte
subsets from non-pregnant human

endometrium. Am J Reprod Immunol.
2000;43(4).

[106] Tuckerman E, Mariee N,

Prakash A, Li TC, Laird S. Uterine
natural killer cells in peri-implantation
endometrium from women with
repeated implantation failure after IVF.
J Reprod Immunol. 2010;87(1-2).

[107] Quenby S, Nik H, Innes B, Lash G,
Turner M, Drury ], et al. Uterine natural
killer cells and angiogenesis in recurrent

reproductive failure. Hum Reprod.
2009;24(1).

[108] Ricciotti E, Fitzgerald GA.
Prostaglandins and inflammation.
Arterioscler Thromb Vasc Biol.

2011;31(5).

[109] Achache H, Tsafrir A, Prus D,
Reich R, Revel A. Defective endometrial
prostaglandin synthesis identified in
patients with repeated implantation

failure undergoing in vitro fertilization.
Fertil Steril. 2010;94(4).

[110] Yang Y, Chen X, Saravelos SH,
LiuY, Huang J, Zhang J, et al. HOXA-10
and E-cadherin expression in the
endometrium of women with recurrent
implantation failure and recurrent
miscarriage. Fertil Steril. 2017;107(1).

[111] Hilton DJ, Nicola NA, Metcalf D.
Purification of a murine leukemia
inhibitory factor from Krebs ascites
cells. Anal Biochem. 1988;173(2).

[112] Stewart CL, Kaspar P, Brunet L],
Bhatt H, Gadi I, Kontgen F, etal.
Blastocyst implantation depends on
maternal expression of leukaemia

20

inhibitory factor. Nature.
1992;359(6390).

[113] Metcalf D. Leukemia inhibitory
factor-a puzzling polyfunctional
regulator. Vol. 7, Growth Factors. 1992.

[114] Dimitriadis E, Salamonsen LA,
Robb L. Expression of interleukin-11
during the human menstrual cycle:
Coincidence with stromal cell
decidualization and relationship to
leukaemia inhibitory factor and
prolactin. Mol Hum Reprod.
2000;6(10).

[115] Gemzell Danielsson K, Swahn ML,
Bygdeman M. The effect of various
doses of mifepristone on endometrial
leukaemia inhibitory factor expression
in the midluteal phase - An
immunohistochemical study. Hum
Reprod. 1997;12(6).

[116] Dimitriadis E, White CA, Jones RL,
Salamonsen LA. Cytokines, chemokines
and growth factors in endometrium
related to implantation. Vol. 11, Human
Reproduction Update. 2005.

[117] Laird SM, Tuckerman EM,

Dalton CF, Dunphy BC, Li TC, Zhang X.
The production of leukaemia inhibitory
factor by human endometrium:
Presence in uterine flushings and
production by cells in culture. Hum

Reprod. 1997;12(3).

[118] Lédée-Bataille N, Laprée-Delage G,
Taupin JL, Dubanchet S, Frydman R,
Chaouat G. Concentration of leukaemia
inhibitory factor (LIF) in uterine
flushing fluid is highly predictive of
embryo implantation. Hum Reprod.
2002;17(1).

[119] Guzeloglu-Kayisli O, Kayisli UA,
Taylor HS. The Role of Growth Factors
and Cytokines during Implantation.
Semin Reprod Med. 2009;27(1):62-79.

[120] Brosens JJ, Hodgetts A, Feroze-
Zaidi F, Sherwin JRA, Fusi L, Salker MS,



Reasons and Mechanisms of Recurrvent Failed Implantation in IVF

DOI: http://dx.doi.org/10.5772/intechopen.98301

et al. Proteomic analysis of
endometrium from fertile and infertile
patients suggests a role for
apolipoprotein A-I in embryo
implantation failure and endometriosis.
Mol Hum Reprod. 2009;16(4).

[121] Santos T da S, Ieque AL, de
Carvalho HC, Sell AM, Lonardoni MVC,
Demarchi IG, et al. Antiphospholipid
syndrome and recurrent miscarriage: A
systematic review and meta-analysis.
Vol. 123, Journal of Reproductive
Immunology. 2017.

[122] Kutteh WH, Hinote CD.
Antiphospholipid Antibody Syndrome.
Vol. 41, Obstetrics and Gynecology
Clinics of North America. Elsevier;
2014. p. 113-132.

[123] Miyakis S, Lockshin MD, Atsumi T,
Branch DW, Brey RL, Cervera R, etal.
International consensus statement on an
update of the classification criteria for
definite antiphospholipid syndrome
(APS). ] Thromb Haemost. 2006;4(2).

[124] World OH. World Health
Organisation Obesity and Overweight
Fact Sheet. World Health Organisation.
2016. p. https://wwwwho.int/news-
room/fact-sheets/detail/o.

[125] DOODY K. Morbid obesity
adversely impacts outcomes with IVF.
Fertil Steril. 2003;80.

[126] Ryley DA, Bayer SR, Eaton ],
Zimon A, Klipstein S, Reindollar R.
Influence of body mass index (BMI) on
the outcome of 6,827 IVF cycles. Fertil
Steril. 2004;82.

[127] Bellver ], Ayllén Y, Ferrando M,
Melo M, Goyri E, Pellicer A, etal.
Female obesity impairs in vitro
fertilization outcome without affecting
embryo quality. Fertil Steril. 2010;93(2).

[128] Luke B, Brown MB, Stern JE,

Missmer SA, Fujimoto VY, Leach R.
Female obesity adversely affects assisted

21

reproductive technology (ART)
pregnancy and live birth rates. Hum
Reprod. 2011;26(1).

[129] Macklon NS, Stouffer RL,
Giudice LC, Fauser BCJM. The science
behind 25 years of ovarian stimulation
for in vitro fertilization. Vol. 27,
Endocrine Reviews. 2006.

[130] De Geyter C, Calhaz-Jorge C,
Kupka MS, Wyns C, Mocanu E,
Motrenko T, et al. ART in Europe, 2014:
Results generated from European
registries by ESHRE. Hum Reprod.
2018;33(9).

[131] Ferraretti AP, La Marca A,

Fauser BCJM, Tarlatzis B, Nargund G,
Gianaroli L. ESHRE consensus on the
definition of ’poor response to ovarian
stimulation for in vitro fertilization: The
Bologna criteria. Hum Reprod.
2011;26(7).

[132] Broer SL, Mol BW]J, Hendriks D,
Broekmans FJM. The role of
antimullerian hormone in prediction of
outcome after IVF: comparison with the
antral follicle count. Fertil Steril.

2009;91(3).

[133] La Marca A, Sighinolfi G, Radi D,
Argento C, Baraldi E, Artenisio AC, et
al. Anti-Miillerian hormone (AMH) as a
predictive marker in assisted
reproductive technology (ART). Vol. 16,
Human Reproduction Update. 2009.

[134] Zini A, Boman JM, Belzile E,
Ciampi A. Sperm DNA damage is
associated with and increased risk of
pregnancy loss after IVF and ICSI:
systematic review and meta-analysis.

Human Reproduction.
2008;23:2663-2668.

[135] Coughlan C, Clarke H, Cutting R,
Saxton ], Waite S, Ledger W, Li T,
Pacey AA. Sperm DNA fragmentation,
recurent implantation failure and

recurent miscarriage. Asian ] Androl.
2015;17(4):681-685.



