\TAS L,y
& ooy Ve
A INE 2
R L ., w
-2 UNIVERSITY
oo’ ot 19
s
® @8 OF LATVIA
&

Summary
of Doctoral Thesis

Violeta Fodina

REASONS FOR FAILED
IMPLANTATION IN IVF CYCLES

METHODS TO IMPROVE
IVF OUTCOMES

Riga 2023



UNIVERSITY
OF LATVIA

FACULTY OF MEDICINE

Violeta Fodina

REASONS FOR FAILED IMPLANTATION
IN IVF CYCLES
METHODS TO IMPROVE IVF OUTCOMES

SUMMARY OF DOCTORAL THESIS

Submitted for the degree of Doctoral degree (Ph.D.)
in Medicine and Health Sciences,
field of Clinical Medicine,
subfield of obstetrics and gynecology

Riga 2023



The doctoral thesis was carried out at the Department of Pathology, Faculty of
Medicine and health sciences, University of Latvia, from 2014 to 2021 in iVF Riga
infertility treatment clinic, Riga, Latvia.

The thesis contains the introduction, 10 chapters, reference list.

Supervisors:
Assoc. Prof. Dr. med. Natalija Vedmedovska,
Assoc. Prof. Dr. paed. Margarita Pukite

Reviewers:

1) Dace Rezeberga, Dr. med. Prof., Faculty of Medicine, Department of
Obstetrics and Gynaecology, Riga Stradins University

2) Cristina Eguizabal Argaiz, Dr. med. Prof., Biocruces Bizkaia Health
Research Institute, Barakaldo, Spain

3) Egle Machtejeviene, Dr. med. Prof., Head of Fetal Medicine Centre,
Department of Obstetrics and Gynaecology, Lithuanian University of
Health Sciences, Lithuania, Kaunas

The thesis will be defended at the public session of the Doctoral Committee
of Medicine and Health Sciences, University of Latvia, at : on
, 2023

The thesis is available at the Library of the University of Latvia, Kalpaka blvd. 4.

This thesis is accepted for the commencement of the degree of Doctor of medicine
and health sciences on , 2023 by the Doctoral
Committee of medicine and health sciences, University of Latvia.

Chairman of the Doctoral

Committee
/ /
(signature) (name, surname)
Secretary of the Doctoral
Committee
/ /
(signature) (name, surname)

© University of Latvia, 2023
© Violeta Fodina, 2023
ISBN 978-9934-36-141-8
ISBN 978-9934-36-142-5 (PDF)



ABSTRACT

Infertility is a widespread medical and social problem affecting approxi-
mately 17.5% of couples worldwide (WHO 2021). Severe cases of infertility
require in-vitro fertilization (IVF) treatment, and the proportion of IVF pro-
cedures performed to achieve a pregnancy is continuously growing. The main
challenges facing couples and physicians during IVF treatments are recurrent
implantation failure (RIF) and early pregnancy loss (EPL). There is still a lack
of diagnostic and therapeutic methods to facilitate improved prognosis and to
reduce the incidence of RIF and ELP.

This work was done to assess the ability of different methods and approaches
to improve the outcome of IVF treatment, and to decrease RIF and EPL. Both
non-invasive and invasive IVF work-up methods were assessed to reach this
goal.

During the first part of the study, the impact of the non-invasive method
of time-lapse microscopy (TLM) on IVF outcomes was assessed. The sample
comprised 897 embryos analyzed using TLM in 146 embryo transfers. The con-
trol group included 1723 embryos cultivated and selected conventionally using
the traditional static observation method which preceded 386 embryo transfers.
The total EPL in the TLM group (both biochemical and clinical) was reduced
statistically significantly (TML 28.4% versus control 41.8%, x3, p = 0.045). The
EPL rate per embryo transfer was also significantly reduced in the TLM group
(TLM 9.1% versus control 19.1%, p = 0.043).

During the second part of the study, the performance of two invasive meth-
ods was assessed, — preimplantation genetic testing for aneuploidies (PGT-A) of
embryos and endometrial receptivity array (ERA) to improve the outcome in RIF
patients. In total, 253 ICSI cycles were included in the study. They were further
divided into 4 groups: Group I - frozen embryo transfers without any additional
tests or procedures (FET), n = 72 cycles; Group II - FET with PGT-A, n = 67;
Group III - FET with PGT-A and ERA, n = 72 and Group IV - FET with ERA,
n = 22. When clinical outcomes of biochemical pregnancy, clinical pregnancy
and pregnancy loss were compared to the end-point of “no pregnancy”, Group II
(FET+PGT-A) showed a statistically significant higher chance of achieving both
biochemical pregnancy (p = 0.01, OR = 5.5) and clinical pregnancy (p = 0.049,
OR = 2.3), as compared to Group I. The Group II (FET+PGT-A) and Group
III (FET+PGT-A+ERA) biochemical pregnancy results showed that ERA test
significantly decreases biochemical pregnancy loss. The clinical pregnancy was
statistically significant in the Group III (FET+PGT-A+ERA) comparing to the
Group II (FET+PGT-A).

In addition, the efficacy of PGT-A in IVF cycles was tested for a specific
group of 10 patients who were carriers of balanced translocations in their karyo-
types. Three of them had the most frequent type of Robertsonian translocation



and 7 had various reciprocal translocations. 180 oocytes were collected and 48
embryos were analyzed with PGT-A.

In 18 embryos where a female was a carrier of a balanced translocation,
and 30 embryos where a male was a carrier of a balanced translocation, the
percentages of unbalanced translocation rates in embryos were 89% and 73%,
respectively. The highest euploidy rate was in the male carrier group — 27%.
The unbalanced translocation rate in embryos was highest in the female carrier
group — 78%. The prevalence of aneuploidy rates related to translocations was
4.5 times higher in the balanced reciprocal translocation carrier group, when
compared with the balanced Robertsonian translocation carrier group.

Thus, the main finding, the application of the TLM selection model in-
creased biochemical, clinical and ongoing pregnancy rates, and decreased EPL
rates. Patients with RIF can further benefit from the embryo aneuploidy testing
using the PGT-A method in combination with ERA test. The proportion of total
embryo aneuploidy rates was higher in the specific group of 10 patients having
translocations, when compared with the patients having normal karyotypes.
Therefore, in this specific group of 10 patients, PGT-A is of utmost importance.

In conclusion, these data showed that a combination of TLM and PGT-A
with the ERA test is an effective approach for improving the outcome of IVF
treatment, decreasing implantation failure and early pregnancy loss in patients
with normal karyotypes and appliance of the PGT-A in patients with balanced
translocations provides positive results in IVF treatment.
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INTRODUCTION

Actuality of the work

1978 was the year when the first IVF (in vitro fertilization) baby Louise
Brown was born. Progress in reproductive technology grew exponentially
from that time along with the expertise of reproductologist and the number of
scientists working in the field. In the next years following the birth of Louise
Brown, initial implantation rates were <5% per embryo (Niederberger et al.
2018). As assisted reproduction techniques (ART) progressed, many clinics
replaced cleavage-stage embryos to blastocyst-stage embryos and switched
from multiple embryo transfers to double- or single-embryo transfers. Those
achievements led to the point reproductology has reached today.

According to European Policy Audit on Fertility, in 2017 (Fertility
Statistics - Statistics Explained, n.d.) one of six people worldwide experience one
of the forms of infertility during their reproductive years. In Europe 25 million
citizens have been diagnosed as being infertile. Despite the lack of updated com-
parative data on Infertility and ART on wider regions, in 2021, the follow-up
analysis (Fertility Statistics — Statistics Explained, n.d.) showed that across EU
countries surveyed, nine with the highest fertility rates (France - 1.84, Czech
Republic - 1.83, Iceland - 1.82, Romania - 1.81, Ireland - 1.78, Montenegro —
1.76, Denmark - 1.72, Slovenia - 1.64 and Slovakia - 1.63) remained below the
replacement rate of 2.1 live births per woman. During the last 5 years the neces-
sity for ART continued to increase.

RPL is a disorder defined by the American Society of Reproductive medicine
(ASRM) as the loss of two or more consecutive clinical pregnancies prior to 20
weeks of gestation (Bashiri et al. 2018). Statistical data show that around 5% of
all women experience two consecutive pregnancy losses and 75% of these are
implantation failures (Comins Boo et al. 2016). There is a lack of consensus on
the definition of RIF, resulting from rapidly changing ART practices and methods
of infertility treatment. Today, the definition of RIF is still not clearly specified.
The operational definition of RIF used in this study is: “the persisting failure of
pregnancy after several attempts of IVF and embryo transfer”(Margalioth et al.
2006). This definition applied only to patients undergoing ART. The problems
with definition start when we try to clarify what are exact criteria to include
or correctly identify implantation failure. Through the history of ART clinics,
many factors have changed, like the number of transferred embryos, the stage
in which they are transferred, the percentage of collective implantation failure
and others.

Lukasz T. Polanski in the year 2014 stressed that the definition of RIF given
by most researchers in the last two decades has been based on one or two
criteria or a combination of them, the first being the number of unsuccessful



cycles alone, and the second being the number of embryos transferred, Some
definitions included the type of embryo transferred (fresh or frozen), and the
quality (usually highlighting that the transferred embryo must be of good
quality). There were also a few studies which mentioned the stage of embryo
transfer. Polanski and his group concluded that “RIF should be defined as
the absence of implantation itself defined by a negative serum hCG, 14 days
after oocyte collection, following two consecutive cycles of IVE, ICSI or frozen
embryo transfer, in which the cumulative number of embryos transferred was
at least four cleavage-stage embryos, or at least and two blastocysts, with all
embryos being of good morphological quality and in the appropriate stage of
development. He also pointed out that there are many differing definitions
of RIF used in these studies and no justification was given for the use of any
particular one(Polanski et al. 2014).

One of the last definitions of RIF was based on publications by PGD
Consortium (a specialized group of ESHRE - European Society of Human
Reproduction and Embryology) and publication by Coughlan et al. 2014. This
definition includes all the important factors: RIF is a failure to achieve pregnancy
after >3 embryo transfers (ET) of high-quality embryos in women < 40 years, or
transfers of 210 embryos in total in multiple transfers. Presence or absence of
pregnancy is diagnosed by an ultrasound examination after the 5" week (Bender
Atik et al. 2018; Coughlan et al. 2014; Thornhill et al. 2005).

According to ESHRE data, as of 2019, the rate of clinical pregnancies
showing implantation success has increased to 34.6% and the rate of live births
is up to 30.7% (Gliozheni et al. 2023), which clearly indicates that this problem
is very relevant and there is still no exact answer about the reasons and tactics
for patients with RIE

As can be seen from the above literature review, however, there are two main
reasons or their combination, such as embryo incompetence and endometrial
incompetence, the success of implantation depends on these factors.

The aim, objectives, and hypotheses of the work

The aim of this work is to assess how additional examination of the
embryo before embryo transfer (with methods such as TLM, morphological
examination of the embryo and the development of embryo division), as well
as the genetic stability of healthy embryos can affect embryo implantation,
including specifying the quality and competence of the endometrium affects
the embryo implantations and the use of both methods affects IVF results. In
order to achieve the set goal, the following tasks were set:

1. To evaluate the ability of time-lapse microscopy/imaging to improve

the outcome of the IVF procedures.

2. To evaluate if endometrial receptivity array and invasive embryo

preimplantation genetic testing for aneuploidies used alone or in
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combination can improve the outcome of IVF treatment in a group of
patients with recurrent implantation failure.

3. To assess the utility of preimplantation genetic testing for aneuploidies
in IVF procedures in specific group of patients — the carriers of balanced
structural chromosomal rearrangements.

4. To clarify, standardize and operationally define non-invasive and invasive
methods of embryo selection to decrease recurrent implantation failure
rate and to promote the recommendations to other researchers and
clinical professionals.

The following hypotheses were put forward:

1. Embryo selection is a vital step to increase the success of ART
treatment. Selection of high implantation potency embryos using both
methods - non-invasive Time-lapse microscopy/imaging and invasive
preimplantation genetic testing for aneuploidies, can improve the
outcome of the treatment.

2. Embryonal and endometrial factors in combination are the likely
cause of failed implantation. Applying the combination of methods
(Time-lapse microscopy and invasive preimplantation genetic testing
together with adjusting implantation window) can reduce the number
of recurrent implantation failure and early pregnancy loss.

3. Applying the preimplantation genetic testing for aneuploidy to the
patients with structural imbalances in their karyotypes and determining
the percentage of normal embryos have a great effect on implantation.

The novelty of the work

This study is both diverse and comprehensive. It pursues a multivariate
approach, where the author in the first uses the combinations of these methods
to investigate the main factors involved in recurrent implantation failure and
early pregnancy loss.

The study determine which methods and factors are significant and which
ones can be recommended in clinical practice for implementation in standard
IVF work-up. It also identifies those methods that remain questionable. Based
on the results of this study, a proposal is made to develop national guidelines
for IVF treatment that will help the reproductive medical society in Latvia
and abroad to improve results, of importance both for medical research and
for demographical work. At the present time the standardized guidelines from
ESHRE are not available.

Place of work performance

The doctoral thesis was carried out at the reproduction clinic iVF Riga from
January 15, 2014, to December 9, 2021.
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Structure and scope of work

The doctoral thesis is written in English, it consists of the thesis itself,
written on 98 pages, 2 summaries (48 pages in Latvian and 49 pages in English)
and 4 attached publications. The work contains 10 tables, 33 images and 7
appendices. The bibliography contains 245 literary sources, the oldest of which
was published in 1979, and the newest in 2023.

Work ethic

All patients were informed about the purpose and methods of the study
before inclusion and signed the informed consent. The study met the standards
set by the Declaration of Helsinki. The Latvian Central Medical Ethics Committee
has approved the study (Approval No. 01-29.1.2/1735).
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1. LITERATURE REVIEW

1.1. Etiology of RIF

Successful embryo implantation is an interactive process between the blas-
tocyst and the uterus. Synchronized development of embryos with uterine dif-
ferentiation to a receptive state is necessary to facilitate pregnancy. Implantation
failure may occur even at the early stages during embryo attachment or mi-
gration. As a result, there will be no objective evidence of a pregnancy, i.e.,
negative urine or blood pregnancy tests hCG. Alternatively, the 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 at this stage, the
process could be disrupted before the formation of an intrauterine gestational
sac. Clinically this condition is called biochemical pregnancy.

The International Committee Monitoring Assisted Reproductive Techno-
logies (ICMART) and the World Health Organization (WHO) defined biochemi-
cal pregnancy as the detection of hCG in blood or urine without subsequent
clinical signs of pregnancy(Maesawa et al. 2015).

From the clinical point of view as defined by the ASRM, implantation is
considered successful when there is ultrasonographic evidence of an intrauter-
ine gestational sac or by histopathological examination (Bashiri, Halper, and
Orvieto 2018). Despite the acceptance of the general implantation definition,
many authors still unsure about the optimal hCG level and in many publica-
tions, numbers vary between > 5 to > 25 mIU/ml (Zeadna et al. 2015; R. Yang
et al. 2015; Bates and Ginsburg 2002).

With hundreds of potential causes to consider, etiology of implantation fail-
ure is still a complex challenge for reproductologists. To reduce the complexity,
some researchers attempted to summarize all the putative variables and factors
involved in RIF which are helpful, because they facilitate the proposal of new,
beneficial solutions for the treatment and management of patients. For example,
T. Timeva et al. (2014) has divided RIF causes into three main groups:

1. The first group is “Multifactorial RIF” having the subgroups of maternal
(endocrine diseases such as thyroid, diabetes mellitus, thrombophilia),
male, hormonal or metabolic disorders, infections and thrombophilias.

2. 'The second group is “Endometrial RIF”, which results from thin
(< 6 mm) endometrium, with or without variations in vascularity.

3. The third group is “Idiopathic RIF”, which is unexplained failure to
achieve pregnancy after ET of good quality embryos, without any ana-
tomical and histological changes in uterine cavity and endometrium,
and without any other disturbances in the patient, the patient-partner
and the embryos (Timeva, Shterev, and Kyurkchiev 2014).
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Other authors have divided etiologic groups into decreased endometrial
receptivity, defective embryonic development, and also multifactorial causes -
which include endometriosis, hydrosalpinxes and suboptimal ovarian stimula-
tion (Margalioth et al. 2006).

In all these cases can be noticed that the two main causes of implantation
failure are always present. They are Uterine and Embryonal factors. Embryonal
factors usually include embryo quality and embryo aneuploidy. Regarding the
uterus, a lot of biological factors can alter the process of successful implanta-
tion, for example, uterine cavity abnormalities - Mullerian anomalies, fibroids,
polyps and also tubal disorders. At the micro level, there are altered expressions
of adhesive molecules, and specific immunological factors (Bashiri, Halper, and
Orvieto 2018).

1.2. Uterine factors

1.2.1. Endometrial receptivity

The endometrial environment plays a crucial role in embryo implantation
and early placental development. There is a specific 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 and the vasculature. This is called endometrial receptivity (Lessey and
Young 2019). This complex process facilitiates the embryo to attach normally,
implant and continue to develop.

In the menstrual cycle, there is a short period of time during which endo-
metrial receptivity is optimal and embryo implantation is possible. This period
is called the “window 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 being days 20-24
of the cycle) in most healthy women. In certain pathologic conditions, this
window is narrowed or shifted, which disrupts normal implantation, leading to
infertility or pregnancy loss (Lessey and Young 2019; Bergh and Navot 1992).
Endometrium is unique in its ability to block embryos from implanting, except
during this narrow window of receptivity, where the endometrium undergoes
morphological, cytoskeletal, biochemical, and genetic changes (Mahajan 2015).
As shown in the mice models, the “implantation window”, is regulated by ovar-
ian steroid hormones. In the receptive endometrium, crucial hormones are
progesterone (P4) and 17B-estradiol (E2) (Tan et al. 1999; Paria, Huet-Hudson,
and Dey 1993). In the mice models, researchers observed, that on the first
day of pregnancy E2, which is preovulatory secreted, a proliferation of uterine
epithelial cells was induced. From the formed corpus luteum, P4 levels start
to increase, and on day 3, stromal cell proliferation is initiated. Due to rising
levels of P4 and E2 secretion, the pre-receptive uterus becomes receptive on the
fourth day (Huet-Hudson YM, Andrews GK 1989; Matsumoto 2017; Talbi et al.
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2006). Devroey et al., and Papanikolaou EG et al., also discussed the importance
of these two hormones in humans and stated that there is increasing evidence
that endometrial function in the stimulated cycle is adversely affected by levels
of estrogen and premature secretion of progesterone (Papanikolaou et al. 2010;
Devroey et al. 2004).

In one of the studies of 189 pregnancies, the risk of early pregnancy loss
increased with later implantation (P < 0.001). Among the 102 blastocysts that
implanted by the ninth day, 13% ended with early loss. This proportion rose to
26% with implantation on day 10, and to 52% on day 11, then to 82% following
day 11. The conclusion of this is that most successful human pregnancies and
blastocyst implantations occur 8 to 10 days after ovulation. The risk of early
pregnancy loss increases with later implantation (Wilcox, Baird, and Weinberg
1999).

1.2.2. Human Endometrium transcriptomics

The transcriptome reflects the genes that are actively expressed at any given
time within a specific cell population or tissue (Garrido-Gomez et al. 2013).

Human endometrial receptivity transcriptomes pose a rather complex issue
and the quantity of crucial genes that play a main role in receptivity is still being
debated.

A publication done by Riesewijk et al. in 2003, compared pre-receptive en-
dometrium 2 days after the LH peak with receptive endometrium 7 days after
the LH peak, by sequencing whole-genome expression profiles. Bhagwat et al.
studied 179 genes that can be called Receptivity Associated Genes (RAGs). These
Genes were compiled from a Human Gene Expression Endometrial Receptivity
database (HGEXERdb) (Riesewijk et al. 2003; Bhagwat et al. 2013).

The HGExERdb database, created by Bhagwat et al. should be reported
separately, as it contains information about 19,285 genes, in 312 datasets re-
trieved from 51 publications of human studies. It also provides information on
the relative expression level of individual genes, when compared under different
physiological conditions.

One of the most valuable meta-analyses of transcriptomic biomarkers for
receptivity was done in 2016 and published by Altmie in “Nature”. In this study
14 publications were selected for qualitative analysis from 57 eligible publica-
tions. In this meta-analysis, a robust rank aggregation (RRA) method was used
(Kolde et al. 2012), using enrichment analysis to identify the meta-signature of
highly presumed biomarkers of endometrial receptivity (Altmie et al. 2017).
A statistically significant meta-signature of 52 up-regulated and five down-
regulated genes was identified (D. Zhang et al. 2012; Horcajadas, Pellicer, and
Simén 2007; Tseng et al. 2010; Tapia et al. 2011; Bhagwat et al. 2013).

Interestingly, commercial ERA by Igenomix (Ruiz-Alonso et al. 2013; Diaz-
Gimeno et al. 2011) shares 47 genes in common with the identified 57 putative
receptivity biomarkers.
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1.2.3. Endometrial Receptivity Array

Traditional histologic endometrial dating criteria defined by Noyes (Noyes,
Hertig, and Rock 1975), have been a standard procedure over the last 60 years.
Despite the historical importance, because of the questioned accuracy and
functional relevance of this procedure, a scientific group from the Igenomix
company has attempted to make an analyses to clinically improve detection of
embryonic-endometrial desynchrony due to accelerated or delayed endome-
trial luteal-phase differentiation. In 2009, after more than 10 years of research
for transcriptomic signatures of endometrial receptivity, an “Endometrial
receptivity array” was designed, developed and patented (Diaz-Gimeno et al.
2011). Garrido Gomez from Igenomix developed a clinical algorithm with a
computational predictor which tests results, based on the expression analysis
of 248 genes. Expression profiling was 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 implan-
tation (WOI) (Hung and Weng 2017).

The reproducibility of ERA results depends on two points. First, the test
must be performed repeating the exact same conditions that match embryo
transfer cycle of a particular patient. It should always be hormone replacement
therapy cycles (HRT) or natural cycles. Controlled ovarian stimulation cycles
are not allowed.

The second point is the exact time in which endometrial biopsy must be
done. In HRT cycle first endometrial biopsy should be performed after 5 full
days of progesterone administration (or 120 hours of progesteron administra-
tion). In the natural cycle biopsy should be done at 7 day of hCG triggering (or
after 168 hours of hCG administration). Since the ERA checks the endometrium
at the moment of implantation, in the case of day-3 embryo transfers, instruc-
tions for biopsy are the same (P+5 or hCG+7). After sequencing the mRNA
from an endometrial biopsy, the endometrium can be receptive or non-receptive
(pre-receptive, post-receptive, or proliferative).

If the endometrium is receptive, the blastocyst should be transferred at P+5,
or at P+3 in the case of day-3 embryo. In 10% of cases the second biopsy is
needed in the specific day designated by the first ERA test. Detecting specific
point in time of endometrial cycle in which the WOI starts, allows doctors to
perform personalized embryo transfer (pET), after which each patient receives
personal recommendations that are based on her specific endometrial profile.
Moreover, the term personalized embryo transfer and the procedure itself
started to exist because of ERA (Garrido-Gdmez et al. 2013).

The accuracy and consistency of the ERA test had been demonstrated in
multiple 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
(Diaz-Gimeno et al. 2013).
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1.3. Embryonal factors

In cases of RIF, the investigation of embryo quality becomes crucial for
patients undergoing IVF treatment. According to the Istanbul Consensus
recommendations, evaluating the morphokinetic properties of embryos us-
ing the Embryo grade system is essential for selecting high-quality embryos.
Additionally, testing for embryo ploidy status is necessary (Balaban et al. 2011).

1.3.1. Embryo quality

Blastocysts (day-5 embryos) are graded according to expansion and quality
of the inner cell mass and trophectoderm. Other criteria include blastomeres
being of equal size and regular in distribution, distribution of cytoplasm without
granularity and less than 10% fragmentation (Cutting et al. 2008). A good-
quality embryo needs to have the correct number of cells corresponding to the
day of its development. The present stage of embryo evaluation, including the
description of all its related pathological elements and the development of time-
lapse imaging took over 4 decades of research.

The grading system involves the assessment of three main quality param-
eters: the degree of blastomere (embryonic cell) expansion, Inner Cell Mass
(ICM) and Trophectoderm (TE).

Based on Paynes work, Mio and Maeda (Mio and Maeda 2008) extended the
analysis period to blastocyst stage and obtained 286 images of human oocytes
and embryos. In the same year, Lemmen and colleagues (Lemmen, Agerholm,
and Ziebe 2008) analyzed the events that occur during the first day of the de-
velopment after fertilization of 102 oocytes using a microscope with an enclosed
camera system. They were the first group that studied embryo kinetic properties,
by finding a link between the early disappearance of pronuclei after fertilization,
early first cleavage, and many blastomeres on day 2 of the development.

At first the main focus was on the timing of the first embryonic division
or early cell division at which point an embryo became a 2-cell organism. The
correlation between pregnancy rate and time of early cell division was first stud-
ied by Edwards group (Edwards et al. 1984). They had concluded that that the
transfer of embryos that cleaved 24-26 h after insemination resulted in higher
implantation and pregnancy rates than embryos transferred which had delayed
division. Later many other publications showed that too fast or too slow cleav-
age has a negative impact on the embryo (M. Meseguer et al. 2011; Cruz et al.
2012; Natalia Basile and Meseguer 2012; Chamayou et al. 2013; Tsai et al. 2002).

A more accurate approach is to compare the times of early cleavage with
embryo quality. Several studies have shown that early cleavage embryos have
significantly higher numbers of cells than late cleaving embryos (Sakkas et al.
1998; Lundin, Bergh, and Hardarson 2001; Fenwick et al. 2002).

It is likely that divisions that occurred on time reflect the good quality of
the cytoplasmic component of the embryo, an optimal level of energy provided
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by mitochondria. They also reflect properly reacted components of activation,
such as Ca?* oscillations (Milewski and Ajduk 2017). It had been proven in sev-
eral mouse studies that Ca** oscillations impact on embryo growth many days
after fertilization. More specifically, they increase ATP levels in mitochondria.
They could be related to culture conditions, as well as to intrinsic factors of
sperm, age, genetic competence and metabolic conditions (Lundin, Bergh, and
Hardarson 2001).

1.3.2. Time-lapse microscopy

Time-lapse microscopy (TLM) is a noninvasive embryo selection method
for evaluation of embryonic development. This method provides 24-h monitor-
ing of the embryo morphology and timing of cleavages without disrupting the
constant culturing environment. The TLM method is based on embryo selection
according to cell division timing, excluding morphologically normal embryos
with discordant cleavage timing.

Modern time-lapse observation systems are developed for more optimized
and accurate selection of viable embryos that include morphological grading
with the possibility of registering kinetic parameters (M. Meseguer et al. 2011).
Time-lapse imaging has its own benefits, like low light exposure in relation to
traditional morphology observation methods (Ottosen, Hindkjeer, and Ingerslev
2007) and the possibility to observe the embryo inside the incubator without
moving it. This provides stable and uninterrupted conditions, beneficial to the
final result (Marcos Meseguer et al. 2012).

Many predictive models that are based on different statistical methods of
analysis were created and can predict blastocyst stage development and qual-
ity. Algorithms can be very simple, with only one parameter that needs to be
calculated, or they could have a complex hierarchical structure, to give more
predictive value than simple algorithms and be more popular in reproductive
medicine (Milewski and Ajduk 2017; Cruz et al. 2012; Motato et al. 2016; S. T.
Yang et al. 2015).

ESHRE also described the positive effect of TLM, but acknowledged that it
is difficult to compare the outcomes of different studies since the methodologies
used are not consistent (Apter et al. 2020).

1.3.3. Embryo aneuploidy

As people age, body defense systems are not always able to protect all the
cells properly. This results in errors in chromosome segregation during meiosis I
and II. Some reports claim that segregation errors in meiosis IT occurs more fre-
quently that in meiosis I (Alan H. Handyside et al. 2012). Because each woman
from birth has limited reserve of oocytes, all errors lead to increase of embryos
having abnormal chromosome numbers. The reasons for these chromosome
segregation errors involve many factors, like incorrect formation of bivalents,
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deterioration of cohesins, sister kinetohores separation by large distances and
incorrect attachment of spindle microtubules to kinetochores during meiosis
(Webster and Schuh 2017). Despite the decreasing quality of oocytes that
correlates with age, many women in current times, especially in high income
countries, more frequently delay having their first child until later (Webster and
Schuh 2017).

Detection and management of embryo anomalies that occur due to age,
poor quality oocytes or sperm abnormalities, may be accomplished by perform-
ing preimplantation genetic testing (PGT) that allows selection and transfer of
blastocysts having normal genetic constitution.

The history of PGT goes back to 1989 when A. Handyside performed the
first preimplantation genetic diagnostic (PGD) study detecting a Y chromo-
some-specific region with PCR in a case having X-linked adrenoleukodystrophy
and X-linked mental retardation (A. H. Handyside et al. 1990). Now, defining
embryo gender is known as sexing and can complement genetic testing of
monogenic disorders linked to the sex chromosomes (Coonen et al. 2020).

With time, PGT underwent significant metalogical and approach changes,
starting from polar body testing and blastomere analysis to adapting trophec-
toderm biopsies with subsequent blastocyst freezing (Renwick et al. 2006). In
early days, the blastomeres were analyzed using FISH method for chromosomes
X,Y, 18, 13, and 21. At that time it was shown that women of advanced age, after
PGT, had significantly lower live birth rates as compared with those undergoing
IVF without PGT (Maxwell and Grifo 2018). The analysis of more than just
single cells led to comprehensive downstream molecular investigations, which
resulted in development of the blastocyst stage biopsy strategy (Cimadomo
et al. 2016). Molecular genetic testing started as analysis of single loci by the
PCR method and grew to become sophisticated single cell whole genome am-
plifications (Fiorentino 2012). Instead of using PGT, many groups have tried to
develop algorithms to detect ploidy based on morphokinetic properties. There
have been several attempts to create such algorithms using time-lapse moni-
toring. The idea was based on the assumption that embryos display different
cleavage dynamics depending on their genetic material, but research has not yet
fully documented this (Chavez et al. 2012; Vera-Rodriguez et al. 2015).

PGT-A (Preimplantation Genetic Testing for Aneuploidy) is a procedure
that allows one to determine the chromosomal status of IVF embryos by screen-
ing all 23 pairs of human chromosomes including sex chromosomes. Many
different methods are used, which include the array of comparative genomic hy-
bridization (aCGH), quantitative PCR (qPCR), single nucleotide polymorphism
array (SNP array) and next-generation sequencing (high and low resolution)
(NGS). The difference between those methods is in the quantity of genomic am-
plification, the ability to detect balanced or unbalanced translocations, partial
aneuploidies, polyploidy, and mosaicism. For example, Array CGH, SNP array,
and high resolution NGS use whole genome amplification (WGA) of genomic
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DNA but at the same time, can introduce an artefact. Quantitative PCR and
low resolution NGS are not able to amplify the whole genome and due to their
low genomic coverage, small deletions or duplications could not be detected
(Maxwell and Grifo 2018).

After the PGT-A embryos can be diagnosed three ways - as euploids with
the normal number of chromosomes; as aneuploid with abnormal numbers of
chromosomes, and as mosaics — wheree 2 different cell lines are present in the
same embryo (often one euploid cell line and one aneuploid cell line). It has
been shown that mosaicism rates decrease with extended embryo cultures. This
could happen due to the embryos ability to self-correct, or because euploid cell
lines predominate at later developmental stages (Santos et al. 2010).

PGT-M is a Pre-implantation genetic testing of embryos for monogenic (or
single gene) diseases.

Balanced rearrangements represent one of the most common forms of
genetic abnormality affecting approximately 1 in every 500 (0.2%) individuals.
Difficulties processing the abnormal chromosomes during meiosis lead to an
elevated risk of chromosomally abnormal gametes, resulting in high rates of
miscarriage and/or children with congenital abnormalities (Alfarawati et al.
2022). This rearrangement in embryos may occur as a de novo event or can
be the product of an abnormal karyotype in one of the parents. Carriers of
balanced translocations are most often identified by karyotyping or by genetic
analysis of products of conception after an embryonic demise which necessi-
tated the subsequent karyotyping of parents (Sundheimer et al. 2018). Two types
of balanced structural chromosomal rearrangements are known- Robertsonian
translocations and reciprocal translocations. Robertsonian translocations
(ROBs) are chromosomal rearrangements that result from the fusion of the
entire long arms of two acrocentric chromosomes. Robertsonian translocations
are among the most frequent reorganizations in human genes. Most of the cases
analyzed correspond to rearrangements with chromosomes from the D-group
(chromosomes 13, 14 and 15), whereas some rare Robertsonian translocations
are seldom found in the literature, except those with both chromosomes from
the G-group (chromosomes 21 and 22) and those involving chromosomes from
both groups (D; G translocations) (Anton, Blanco, and Vidal 2010; Zhao et al.
2015; Alfarawati et al. 2022). Reciprocal translocation is a type of chromosome
rearrangement that is involved in the exchange of chromosome segments be-
tween two chromosomes that do not belong to the same pair of chromosomes
(H. G. Zhang et al. 2016).

ESHRE guidelines indicates the necessity of the genetic screening of the
embryos before embryo transfer with different methods (PGT-A, PGT-SR,
PGT-M), the scientific review still continues for different group of patients
(recurrent implantation failure, recurrent pregnancy loss, for patients with
the structural aberrations in their karyotype or rare inherited gene diseases)
(Coonen et al. 2020).

20



2. OBJECTIVES OF THE STUDY

This study focused on patients having recurrent early pregnancy loss and
recurrent implantation failure. The aim of the work is to assess the ability of
different methods and approaches to improve the outcome of the IVF treatment,
and to decrease recurrent implantation failure and early pregnancy loss.

The following objectives have been set for achieving this aim:

1.

To evaluate the ability of time-lapse microscopy/imaging to improve
the outcome of the IVF procedures.

To evaluate if endometrial receptivity array and invasive embryo preim-
plantation genetic testing for aneuploidies used alone or in combination
can improve the outcome of IVF treatment in a group of patients with
recurrent implantation failure.

To assess the utility of preimplantation genetic testing for aneuploidies
in IVF procedures in specific group of patients — the carriers of bal-
anced structural chromosomal rearrangements.

To clarify, standardize and operationally define non-invasive and inva-
sive methods of embryo selection to decrease recurrent implantation
failure rate and to promote the recommendations to other researchers
and clinical professionals.
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3. RESEARCH HYPOTHESES

1. Embryo selection is a vital step to increase the success of ART treatment.
Selection of high implantation potency embryos using both methods-
non-invasive Time-lapse microscopy/imaging and invasive preimplantation
genetic testing for aneuploidies, can improve the outcome of the treatment.

2. Embryonal and endometrial factors in combination are the likely cause of
failed implantation. Applying the combination of methods (Time-lapse
microscopy and invasive preimplantation genetic testing together with
adjusting implantation window) can reduce the number of recurrent im-
plantation failure and early pregnancy loss.

3. Applying the preimplantation genetic testing for aneuploidy to the patients
with structural imbalances in their karyotypes and determining the per-
centage of normal embryos have a great effect on implantation.
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4. SCIENTIFIC VALUE

Novelty of this study: existing studies and publications regarding the differ-
ent factors that affect outcomes of IVF procedures are controversial and present
conflicting evidence. Some studies suggest different methods assessing embryo-
nal or uterine factors to improve the outcome of ART and to decrease implanta-
tion failure and early pregnancy loss. Some of the studies do not recommend
these methods and question the credibility of this procedure. The purpose of
this study is to investigate and evaluate this important issue. Large samples of
patients were studied, and different embryonal (morphological, genetical) and
uterine methods were used, which are widely known and commonly used in
research and clinical practice.

This study is both diverse and comprehensive. It pursues a multivariate ap-
proach, where the author in the first uses the combinations of these methods to
investigate the main factors involved in recurrent implantation failure and early
pregnancy loss.

The study determine which methods and factors are significant and which
ones can be recommended in clinical practice for implementation in standard
IVF work-up. It also identifies those methods that remain questionable. Based
on the results of this study, a proposal is made to develop national guidelines
for IVF treatment that will help the reproductive medical society in Latvia and
abroad to improve results, of importance both for medical research and for de-
mographical work. At the present time the standardized guidelines from ESHRE
are not available.
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5. MATERIALS AND METHODS

This is prospective cohort study. It was conducted in the reproductive clinic
iVF Riga from January 15, 2014 until December 9, 2021.

Different approaches were used to support the hypotheses of the effect of
embryonic and endometrial factors on implantation failure. In the first study
(Paper I), the effect of time-lapse imaging on embryo morphokinetics with
further influence on implantation outcome was evaluated. In the second study
(Paper 1II), the impact of selecting embryos with the PGT-A method, as well as
the impact of endometrial receptivity as a single factor, and in combination with
embryonic factors on implantation outcomes was evaluated. The third study
(Paper III) compared the PGT-A results of patients with structural imbalances
in their karyotypes - to determine the percentage of normal embryos and their
effect on implantation.

All patients were informed of the goal and methods of the study before
enrolment and signed the informed Consent form before being included in the
study. The study conformed to the standards set by the Declaration of Helsinki.
The Latvian Central Medical Ethical Committee has approved the study (ap-
proval no. 01-29.1.2/1735, available in the Appendix I).

5.1. Patients (Sample Inclusion / Exclusion Criteria)

For the study (The study No. 1) that evaluated the effect of time-lapse
imaging of 367 patients. In this part of the study recruited couples received
autologous or oocyte donation ICSI cycles. Study group included 897 embryos
analyzed using TLM for 146 embryo transfers. Control group included 1723
embryos cultivated/ selected conventionally using traditional static observations
method prior to 386 embryo transfers (ETs) (Figure 5.1.1.).

+ Inclusion criteria:

o Patient aged 35-39 years;

o  Patients who had failed to achieve a clinical pregnancy after trans-
fers of at least three good-quality embryos in different single fresh
or frozen embryo transfers;

o IVF cycles only with ICSI procedure;
o Only single embryo transfers and double embryo transfer;

o Only good quality embryos were transferred, i.e. those that had the
correct number of cells corresponding to the day of development —
the day-5 embryos (blastocysts).

«  Exclusion criteria:

o Man with obstructive azoospermia and oligospermia;
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o Patients with abnormal karyotypes (translocations, inversions), or
severe endocrine disorders, or atrophic endometrium;

o Embryo transfers with three embryos.

Figure 5.1.1. Patients enrolled for the Time-lapse microscopy or imaging study
(The study No. 1)

For the study (The study No. 2) that evaluated the effect of selecting embryos
with the PGT-A and endometrial receptivity in total 253 cycles of the assisted
reproduction by means of ICSI were included, and further randomly divided into
4 groups: Group I - frozen embryo transfers without any additional tests or proce-
dures (FET), n="72 cycles; Group II - FET with PGT-A, n=87; Group III - FET with
PGT-A and ERA, n = 72; Group IV - FET with ERA, n = 22 (Figure 5.1.2.).

Figure 5.1.2. Patients enrolled for the preimplantation genetic testing for
aneuploidies and endometrial receptivity array in a group of recurrent implantation
failure in the intra-cytoplasmic sperm injection cycles (The study No. 2)
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o Inclusion criteria: Patients aged 34-36 with at least one previous im-

plantation failure in their medical history.

»  Exclusion criteria:

o  Patients with poor ovarian reserve (less than 5 oocytes);

o  Abnormalities in the endometrium such as inflammation,
Asherman’s syndrome, organic changes, polyps, and submucosal
myomas;

o Patients with aberrations in the karyotype.

For the study (The study No. 3) about the patients with structural imbal-
ances, from the 36 patients with changes in karyotypes that were found in iVF
Riga clinic from period 2014-2018, 10 patients undergoing IVF with PGT-A
were eligible for the study (Figure 5.1.3.). Three patients were with the most
frequent type of Robertsonian translocation from the D group (between 13
and 14 chromosomes), and 7 patients with various reciprocal translocations.
As noted above: 180 oocytes were collected. 140 fertilized normally. 90 of these
140 embryos were frozen. Of these 90, 69 were biopsied, and of these 69, 48
were analyzed with PGT-A.

o Inclusion criteria: patients with structural imbalances.

Figure 5.1.3. Enrolled patients for the “The application of preimplantation
genetic testing for aneuploidies for carriers of balanced structural chromosomal
rearrangements” (The study No. 3)
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5.2. Time-lapse microscopy or imaging

In this part of the study, 367 couples participated, receiving treatment
involving autologous or oocyte donation ICSI cycles. Study group included
897 embryos analyzed using TLM (EmbryoScope, Vitrolife) for 146 embryo
transfers.

Control group included 1723 embryos cultivated/selected conventionally
using traditional static observations method before 386 embryo transfers (ETs).

Embryos were classified in four groups: complete trophectoderm and high
cell number compact inner cell mass — group A; incomplete trophectoderm
and several grouped cells — group B; few cells in trophectoderm or inner cell
mass — group C, sparse distribution of large or flat or degenerate cells in troph-
ectoderm and no cells or degenerate or necrotic cells in ICM - group D. Top
embryos were selected for day 3 ET - control group only. Human blastocysts
with trophectoderm cells and inner cell mass in A or B groups were selected for
the embryo transfer or vitrification on day 5. Embryo evaluation and selection
with morphokinetic method was performed by analysis of time-lapse images of
each embryo on an external computer with software developed for time-lapse
image analysis (EmbryoViewer workstation; Unisense Fertilitech A/S, Aarhus,
Denmark). The Meseguer classification was used (Marcos Meseguer et al. 2012)
to describe morphokinetic classification depending on embryo cell division tim-
ing: time of cleavage to two-blastomere embryo (t2), time of cleavage to three-
blastomere embryo (t3), time of cleavage to four-blastomere embryo (t4), and
time of cleavage to five-blastomere embryo (t5). Additionally, the duration of
the second cell cycle (cc2) - that is, the duration of the two-blastomere embryo
phase (t3-t2) — and synchrony (s2) in divisions from a two-blastomere embryo
to a four-blastomere embryo (t4-t3) were calculated.

5.3. Preimplantation genetic testing for aneuploidies (PGT-A)
and endometrial receptivity array (ERA) in a group of RIF in
intra-cytoplasmic sperm injection (ICSI) cycles

In this study, the ICSI results were evaluated from couples with RIE The
patients who failed to achieve a clinical pregnancy after transfers of at least three
good-quality embryos in different single fresh or frozen embryo transfers were
considered RIF. Patients with an abnormal karyotype (translocations, inver-
sions), with severe endocrine disorders, with atrophic endometrium were not
included in the study.

5.3.1. Whole Genome Amplification (WGA) and chromosomal analysis —
preimplantation genetic testing for aneuploidies

PGT-A was performed as described elsewhere (C. Rubio et al. 2013).
Sureplex reagent kit (Illumina) was used for WGA of trophectodermal cells.
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Electrophoresis and DNA quantification with Qubit was followed to evaluate the
success of amplification. PGT-A was done either by aCGH (array Comparative
Genomic Hybridization) with Illumina 24Sure arrays from 2015 to 2017 or
[lumina VeriSeq PGS library preparation kit from 2018 to 2019 due to meth-
odology change (Figure 5.3.1.). Both methods allow to detect imbalanced
aberrations of autosomes 1-22 and X, Y sex chromosomes in preimplantation
embryos, but due to technical differences patients were divided in groups after
methods used - aCGH or NGS. Low level mosaicism, uniparental disomy,
69XXX variant and aberrations under 20 Mb cannot be determined. Copy
number variations (CNV) analysis in both cases was performed with Bluefuse
software. At least two molecular geneticists and at least one clinical geneticist
interpreted the results. Chromosomal aberrations were classified according to
guidelines: euploid, low level mosaic (20-50%), high level mosaic (50-80%),
aneuploid. Decision regarding transfer was made according to chromosomes
involved and type of aberration (whole chromosome versus partial). Embryos
with aneuploidy were not transferred.

Copy Number

Chromosomal Position

Figure 5.3.1. Figure 5.3.1. Preimplantation genetic testing for aneuploidies with NGS.
Image from iVF Riga archive

5.3.2. Endometrial Receptivity Array (ERA)

Endometrial biopsies were collected from the uterine fundus following the
manufacturer’s protocol (Diaz-Gimeno et al. 2011), and samples were sent for
the analysis by iGenomix. Endometrium were classified by expression profile
as receptive, pre- or post-receptive based on transcriptome signature (Diaz-
Gimeno et al. 2011).
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5.4. The application of PGT-A for carriers of balanced structural
chromosomal rearrangements

The most frequent type of Robertsonian translocation is presented in
figure 5.4.1.

Whole Genome Amplification (WGA) and chromosomal analysis - pre-
implantation genetic testing for aneuploidies was performed as described
above. Parental karyotyping was performed using classical G band cytogenetic
approach. Peripheral blood cells (lymphocytes) were cultivated for 72 h in the
PB-MAX™ Karyotyping Medium. The colcemide solution was added and put to
a thermostat to stop the cell division. Fixative, consisting of methanol and acetic
acid, was added to each sample of cells. Processed cells in their metaphase state
were fixated on the glass slide with chromosome staining using Giemsa stain.
At least 15 metaphases analyzed for each patient with a microscope using Lucia
Kario software program. Karyotype was analyzed based on the International
System for Human Cytogenomic Nomenclature (ISCN 2016) criteria.

Figure 5.4.1. Karyotype with Robertsonian translocation.
Image from iVF Riga archive
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5.5. Common protocols for all the parts of the study

5.5.1. Ovarian stimulation

The long or short controlled ovarian stimulation protocols were used for
both autologous and donor cycles with recombinant follicle stimulating hor-
mone (rFSH). Controlled ovarian stimulation was performed using recombi-
nant follicle-stimulating hormone (Follitropin Alfa) and gonadotropin-releasing
hormone antagonist (Ganirelix acetate injection or Cetrorelix acetate). All the
dosages were used considering ovarian reserve and anti-mullerian hormone
values in patients’ medical histories. When the lead follicle reached its mean
diameter 18-20 mm, 6500 IU human chorionic gonadotropin (hCG) agonist
were injected subcutaneously for ovulation induction.

5.5.2. Oocyte retrieval

Oocyte retrieval was performed 35-36 h after hCG injection. Follicles were
aspirated (Figure 5.5.1.), and oocytes were washed in mHTF washing medium
(Life Global, USA) with human serum albumin supplement. After washing,
oocytes were cultured in fertilization medium with human serum albumin
supplement (Life Global, USA) at 5.5% CO, and 37 °C (Planer benchtop BT-37
incubator) for 2 h before oocyte denudation. Oocyte denudation was performed
by mechanical pipetting 40 IU/ml hyaluronidase in the same medium and incu-
bated at 5.5% CO, and 37 °C (Planer benchtop BT-37 incubator) for 2 h before
intracitoplasmic sperm injection.

Ovary with follicles before the Aspiration of the first follicle Aspiration of the second
aspiration follicle

Figure 5.5.1. Oocyte retrieval manipulation. Images from iVF Riga archive

5.5.3. Intracitoplasmic sperm injection (ICSI)

ICSI was performed in a medium with human serum albumin supplement
(Life Global, USA) at 200 x magnification using Nicon Ts-i microscope.

Immediately after ICSI, the injected oocytes for time-lapse microscopy
cycles were placed individually in pre-equilibrated culture dishes (EmbryoSlide;
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Unisense Fertilitech A/S) with 25 ul medium supplemented with human serum
albumin (Life Global, USA) under oil (Lite Oil, Life Global) at 37 °C and 5%
0,, 6% CO, in a time-lapse incubator (EmbryoScope). Zygotes for conventional
incubator (Planer benchtop BT-37) cycles were placed in normal Petri dishes
(Nunc, Roskilde, Denmark) containing culture media (Life Global, USA) with
human serum albumin supplement under oil (Lite Oil, Life Global) at 37 °C and
5% O,, 6% CO,.

5.5.4. Embryo cultivation

All embryos were incubated at 37 °C and 5% O,, 6% CO, and were cul-
tured individually (Figure 5.5.2.) until embryo transfer or embryo biopsy and
freezing.

Figure 5.5.2. Time-lapse view of embryos development by days.
Images from iVF Riga archive
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5.6. Outcome assessments

The main end-points were divided into:

A) no pregnancy - no symptoms or signs of pregnancy (“How To Be
Reasonably Certain That a Woman Is Not Pregnant” 2016);

B) biochemical pregnancy (defined as the occurrence of a low peak in
B-hCG (< 100 mIU/mL), a rapid decline in urinary or serum p-hCG
concentration, and the absence of a significant delay in the onset of the
next menstrual period (Annan et al. 2013) (not proceeding further to
the clinical pregnancy);

C) clinical pregnancy (diagnosed by an increasing level of hCG and by
ultrasonography of at least one fetus with the presence of heart beat
(Zegers-Hochschild et al. 2009));

D) pregnancy loss (Spontaneous pregnancy demise before 10 weeks of
gestational age or before 8th developmental week (Kirk et al. 2020).

5.7. Statistical Analysis

Descriptive statistics are presented using medians, interquartile ranges and
percentages. Differences between groups were assessed using Chi-square tests
and Fisher’s exact test. Multivariate regression analysis was used to assess the
results for the covariates. Potential covariates tested included the age of the
female, the number of acquired oocytes after the pick-up procedure, and the
number of acquired blastocysts.

In the multivariate regression analysis, the results of Groups II-IV were
compared with the “reference” Group I (FET without any additional genetic
tests). To compare the results of the ICSI cycles, the end-points b), ¢) and d)
were compared with an end-point a) - no pregnancy: in order to assess the
ability of each approach to achieve better clinical outcomes as compared to the
reference group FET approach, and as compared with the negative outcome (no
pregnancy).

Two-tailed, ¥ tests were used, p < 0.05 was the significance level. Statistical
analyses were performed using SPSS 20.0 (SPSS Inc., Chicago, IL, USA).
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6. RESULTS

6.1. Time lapse microscopy (TLM) or imaging study

In the study of time-lapse based morphokinetic (TLM) evaluation of the
embryonic development, selection of high implantation potency embryos was
found to improve treatment outcomes, and to decrease EPL and multiple preg-
nancy rate when implementing selective single embryo transfers (SET).

Three hundred and sixty-seven female patients participated in the study.
The TLM group comprised 98 patients. The control group included 269 patients
(Figure 6.1.1.).

The median age of control group patients was 39. It was 35 years for the
TML group, which is significantly lower (p < 0.0001).

Data on sperm, oocyte and embryo characteristics per ET are summarized
in Table 6.1.1.

Table 6.1.1. Sperm, oocyte, and embryo characteristics per ET

Parameters TLM Control p value
% n % n

E;Fcirt‘;n autologous 712 104 443 170 < 0.0001
Autologous oocytes 10.7 7.4 < 0.0001
Donor oocytes 13.6 11.8 0.07
Fertilization rate (2PN) 64.4 897/1388 63.3 1723/2721 0.41
2 PN 7.4 6.2 0.004
ET day 4.7+0.7 4.4+0.9
ET day 3 13 22.3 0.002
ET day 5 81.5 71.5 0.054
Embryo per ET 1.7+0.5 1.7+0.5
SET 33.6 34.7 0.8
DET 66.4 65.3
Sperm quality
Concentration > 18 84.9 124 86 332 0.75
Concentration < 18
18-10 68.2 15 333 18 0.005
10-5 13.6 3 352 19 0.06
>5 13.6 3 29.6 16 0.15
DNS fragmentation 33 13
35-50 333 11 53.8 7 0.21
> 50 15.2 5 0 0 0.14
ET difficult 8.3 12 10.9 42 0.38
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Figure 6.1.1. Patient distribution in the Time lapse microscopy (TLM) study

ETs resulting from autologous oocyte were more common in the TLM
group than in the control group (71% versus 44.3%, p < 0.0001). In the TLM
group more oocytes were retrieved per transfer (10.7 versus 7.4, p < 0.0001).

There was no significant difference in retrieved donor oocytes (13.6 versus 11.8,
p =0.07) (Figure 6.1.2.).

Figure 6.1.2. TLM group and control group oocytes characteristics

Figure 6.1.3. Characteristics of the sperm quality in TLM group and control group
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Sperm used for fertilisation was good quality. There were no statistically
significant differences in the sperm concentration (Figure 6.1.3.).

There was no significant difference in the fertilization rates (64.4% versus
63.3%, p = 0.41). In the TLM group however, there were 7.4 fertilized oocytes
(with 2 pronucleus: 2 PN) per transfer compared to 6.2 in control group
(p = 0.004) (Figure 6.1.4.).

Figure 6.1.4. TLM group and control group oocytes fertilization rates

In both groups blastocysts were transferred more often than day-3 embryos.
DET (double ET) were performed on 66.4% of the TLM group and 65.3% of the
control group, but SET (single ET), found in 33.6% and 34.7%, is not statistically
significant (Figure 6.1.5. and in the Table 6.1.1.). The biochemical pregnancy
rate per ET in the TLM group was 50.7% versus 50.3% for the control group (p
=0.93, OR = 1.02, 95% CI = 0.7-1.49).

Figure 6.1.5. Transfer characteristics in TLM group and control group

The clinical pregnancy rate per ET were both increased in the TLM group
(Table 6.1.2).
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Table 6.1.2. Outcome measures

Parameters TLM Control p Odds 95% CI
% n % N | value | ratio

ET 146 386
Biochemical pregnancy per ET | 50.7 74 50.3 | 194 | 093 | 1.02 | 0.70-1.49
Clinical pregnancy per ET 41.1 60 36.6 | 141 | 033 | 1.21 | 0.82-1.79
Ongoing pregnancy per ET 36.3 53 29.8 114 | 0.13 | 1.36 | 0.91-2.03
Early clinical pregnancy loss 12.1 7 20.7 27 0.23 | 0.58 | 0.24-1.42
(of all clinical pregnancies)
Biochemical loss (of all 18.9 14 27.5 54 0.14 | 0.61 0.31-1.17
biochemical pregnancy)
Early pregnancy loss 28.4 21 41.8 81 ]0.045 | 0.55 | 0.31-0.99
(biochemical and clinical loss)
All transferred embryos 243 638
Implantation rate (of all 31.7 77 28.1 179 | 031 | 1.19 | 0.86-1.64
transferred embryos)
Early pregnancy loss (of all 9.1 7 19.1 35 | 0.043 | 0.41 | 0.17-0.97
implanted embryos)
Autologous cycles younger than 35 years
ET 68 92
Biochemical pregnancy per ET | 54.4 37 47.8 44 0.41 1.3 | 0.69-2.44
Clinical pregnancy per ET 39.7 27 38 35 0.83 | 1.07 | 0.56-2.04
Ongoing pregnancy per ET 39.7 27 31.5 29 0.28 | 143 | 0.74-2.76
Early clinical pregnancy loss 0 0 17.1 6 0.03 | 0.53 | 0.41-0.68
(of all clinical pregnancies)
Biochemical loss (of all 27 10 20.5 9 0.49 1.44 | 0.51-4.04
biochemical pregnancy)
Early pregnancy loss 27 10 34.1 15 0.5 0.72 | 0.28-1.86
(biochemical and clinical loss)
All transferred embryos 110 161
Implantation rate (of all 355 39 29.8 48 0.33 | 1.29 | 0.77-2.17
transferred embryos)
Early pregnancy loss (of all 0 0 25 12 | 0.001 | 0.48 | 0.38-0.61
implanted embryos)
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Table 6.1.2. Outcome measures. Continued

Parameters TLM Control ? Odds | 95% CI
% ‘ n % N | value | ratio

Over 35 years, only with autologous oocytes
ET 36 78
Biochemical pregnancy per ET | 33.3 12 30.8 24 0.79 | 1.13 | 0.48-2.62
Clinical pregnancy per ET 27.8 10 21.8 17 049 | 1.38 | 0.56-3.42
Ongoing pregnancy per ET 25 9 15.4 12 022 | 1.83 | 0.69-4.85
Early clinical pregnancy loss 10 1 294 5 0.24 | 0.27 | 0.03-2.70
(of all clinical pregnancies)
Biochemical loss (of all 16.7 2 29.2 7 041 | 0.49 | 0.08-2.81
biochemical pregnancy)
Early pregnancy loss 25 3 50 12 0.15 | 0.33 | 0.07-1.54
(biochemical and clinical loss)
All transferred embryos 63 121
Implantation rate (of all 15.8 10 14 17 0.75 | 1.15 | 0.49-2.70
transferred embryos)
Early pregnancy loss (of all 10 1 294 5 0.24 | 0.27 | 0.03-2.70
implanted embryos)

The clinical pregnancy rate per ET was 41.1% for the TLM group versus
control group 36.6% (OR = 1.21, 95% CI = 0.82-1.79, p = 0.33), not signifi-
cantly different. The ongoing pregnancy rate per ET in TLM group was 36.3%
versus the control group 29.8% (OR = 1.36, 95% CI = 0.91-2.03, p = 0.13). The
biochemical (TLM group 18.9% versus control group 27.5% OR = 0.61, 95%
CI = 0.31-1.17, p = 0.14) and the clinical pregnancy loss rates (TLM group
12.1% versus control group 20.7% OR = 0.58, 95% CI = 0.24-1.42, p = 0.045)
rates were significantly reduced in the TLM group.

The total EPL rate in the TLM group was significantly reduced (TLM 28.4%
versus control 41.8% OR = 0.55, 95% CI = 0.31-0.99, p = 0.043) (Figure 6.1.6.).

The implantation rates per ET in both groups were not significantly
different (TLM group 31.7% versus control group 28.1% OR = 1.19, 95%
CI = 0.86-1.64, p = 0.31), but EPL rate per ET was significantly reduced
in the TLM group (TLM 9.1% versus control 19.1% OR = 0.41, 95%
CI =0.17-0.97, p = 0.043).

To reduce the maternal age influence on EPL, patients in both the groups
were divided into two sub-groups: younger than 35 years and 35 years and older
(autologous cycles only).
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Figure 6.1.6. Implantation and EPL rates in TLM and control group

Figure 6.1.7. Autologous cycles patients younger than 35 years implantation,
biochemical and clinical pregnancy rates and EPL rate in the TLM group and
control group

In autologous cycles the patients younger than 35 years became pregnant
biochemically and clinically with no statistically significant difference, but the
ongoing pregnancy rate was increased in the TLM group (TLM 39.7% versus
control 31.5% OR = 1.43, 95% CI = 0.74-2.76, p = 0.28) (Figure 6.1.7.). It
should be noted that only biochemical pregnancy loss was documented in the
TLM group (TLM 27% versus control 20.5% OR = 1.44, 95% CI = 0.51-4.04,
p = 0.49), but clinical pregnancy loss was not observed in the TLM group (TLM
0% versus control 17.1% OR = 0.53, 95% CI = 0.41-0.68, p = 0.03).

The implantation rate per ET was 35.5% for the TLM group and 39.8%
for the control group (OR = 1.29, 95% CI = 0.77-2.17, p = 0.33), which is not
statistically significant, but EPL per ET was greatly decreased in the TLM group
(TLM 0% versus control 25% OR = 0.48, 95% CI = 0.38-0.61, p = 0.001).

38



Autologous cycle patients older than 35 years had decreased outcome

measures:

» biochemical pregnancy rate (TLM group 33.3% versus control group
30.8% OR = 1.13, 95% CI = 0.48-2.62, p = 0.79);

 clinical pregnancy rate (TLM group 27.8% versus control group 21.8%
OR =1.38, 95% CI = 0.56-3.42, p = 0.49);

« ongoing pregnancy rate (TLM group 25% versus control group 15.4%
OR = 1.83, 95% CI = 0.69-4.85, p = 0.22). Biochemical, clinical
pregnancy, implantation and EPL rates per ET were not significantly
different. Main outcome measures are summarized in Figure 6.1.8.

Figure 6.1.8. Autologous cycles patients older than 35 years implantation,
biochemical and clinical pregnancy rates and EPL rate in the TLM group and
control group

Table 6.1.3. Logistic regression analysis adjusted by age and autologous oocytes

Parameters p value Odds ratio ‘ 95% CI
Per ET

Biochemical pregnancy 0.6 1.12 0.74-1.68
Clinical pregnancy 0.18 1.33 0.88-2.01
Ongoing pregnancy 0.11 1.42 0.93-2.17
Per cycle

Early clinical pregnancy loss 0.39 0.67 0.27-1.68
Biochemical pregnancy loss 0.11 0.57 0.29-1.14
Early pregnancy loss (biochemical and clinical 0.07 0.57 0.31-1.04
pregnancy)

Per ET

Implantation rate 0.31 1.19 0.85-1.66
Early pregnancy loss 0.044 0.41 0.17-0.98
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Logistic regression analysis was done for the TLM group and control
group, and, adjusted for age and autologous oocyte rates. There were no sig-
nificant differences in biochemical, clinical, and ongoing pregnancy rates per
ET. However, the EPL rate per ET was significantly reduced: OR = 0.41, 95%
CI = 0.17-0.98, p = 0.044 (Table 6.1.3).

6.2. Preimplantation genetic testing for aneuploidies (PGT-A)
and endometrial receptivity array (ERA) in a group of RIF
in ICSI cycles

The present research suggests that RIF depends on several factors. Successful
embryo implantation is an interactive process between the blastocyst and the
uterus. Synchronized development of an embryo with uterine differentiation to
a receptive state is a prerequisite for attaining pregnancy. The main reasons for
implantation failure are summarized in this study.

Table 6.2.1. Descriptive statistics for the study groups. (Group I - cycles with FET;
Group II - cycles with FET+PGT-A; Group III - cycles with FET+PGT-A+ERA test;
Group IV - cycles with FET+ERA test)

Variable Group I Group II | Group IIT | Group IV p
Age (median, IQR) 34.0 36.0 35.0 34.0 0.21
(37.0-32.0) | (38.0-34.0) | (37.0-33.0) | (38.0-32.5)
Acquired oocytes 13.0 13.0 11.5 115 0.83
(median, IQR) (16.0-10.0) | (17.0-9.0) | (18.0-8.0) | (17.5-6.8)
Acquired blastocysts 5.0 7.0 5.0 4.0 0.02
(median, IQR) (7.0-3.0) | (9.0-3.0) | (7.0-3.0) | (5.5-3.0)

The median age of the entire study group for the females was 35 years
(Figure 6.2.1.). Female age and acquired oocytes count showed no differences
between the all Groups I-IV. Table 6.2.1 shows the all statistics for this study
cohort.

The counts of acquired blastocysts were higher for Group II, compared both
to the Group I (p = 0.03) and Group IV (p = 0.004) (Table 6.2.2.). All these
factors were used as covariates in multivariate regression analysis.

Table 6.2.3. shows the clinical outcomes (no pregnancy, biochemical
pregnancy, clinical pregnancy, and pregnancy loss) in Groups I-IV. Group I -
cycles with FET; Group II - cycles with FET+PGT-A; Group III - cycles with
FET+PGT-A+ERA test; Group IV - cycles with FET+ERA test.
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Figure 6.2.1. Descriptive statistics for the study groups (Group I - cycles with FET;
Group II - cycles with FET+PGT-A; Group III - cycles with FET+PGT-A+ERA test;
Group IV - cycles with FET+ERA test)

Table 6.2.2. Comparative analysis (p values) for counts of acquired blastocysts
between the Groups I-IV

Group I Group II Group III Group IV
Group I 0.03! 0.52 0.13
Group 11 0.11 0.004'
Group I1I 0.07
Group IV
Table 6.2.3. Clinical outcomes in Groups I-IV
Parameters Group Total
Group I Group II | Group III | Group IV
No pregnancy Number 35 19 30 11 95
% 48.6 284 41.7 50.0 40.8
Biochemical Number 4 12 1 1 18
pregnancy % 5.6 17.9 1.4 4.5 7.7
Clinical pregnancy | Number 32 33 40 8 113
% 44.4 49.3 55.6 36.4 48.5
Pregnancy loss Number 1 3 1 2 7
% 1.4 4.5 1.4 9.1 3.0
Total Number |72 67 72 22 253

! Statistically significant.
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Analysis with chi-square test of the clinical outcomes of biochemical preg-
nancy, clinical pregnancy and pregnancy loss to compare with the end-point
of “no pregnancy”, Group II (FET+PGT-A) showed a statistically significant
higher chance of achieving both biochemical (p = 0.01, OR = 5.5) and clinical
pregnancy (p = 0.049, OR = 2.3), as compared with the Group I (FET with no
additional tests).

The more detailed analysis of the results by the Fisher’s exact test was done
to compare the Group II (FET+PGT-A) and the Group III (FET+PGT-A+ERA)
biochemical pregnancy results, which showed that ERA test statistically signifi-
cantly decreases biochemical pregnancy loss (Table 6.2.4.).

Table 6.2.4. Statistical analysis of the biochemical pregnancy results in Groups I-IV

Group I Group II Group III Group IV
Group I 0.005' 0.37 0.99
Group II 0.001' 0.07
Group III 0.49
Group IV

The clinical pregnancy was statistically significant in the Group III (FET +

PGT-A + ERA) comparing to the Group II (FET + PGT-A) (Table 6.2.5.).

Table 6.2.5. Statistical analysis of the clinical pregnancy results in Groups I-IV

Group I Group II Group III Group IV
Group I 0.08* 0.18 0.99
Group II 0.002! 0.43
Group III 0.33
Group IV

6.3. The application of PGT-A for carriers of balanced structural
chromosomal rearrangements

Balanced rearrangements represent one of the most common forms of
genetic abnormality. This study examined 10 couples who had abnormalities
in their karyotypes and previous histories of reproductive results. One of the
main factors of recurrent pregnancy loss and implantation failure is aneuploid
embryos. The study shows that expectancy of total embryo aneuploidy rates is
higher in those carriers, than in people with normal karyotypes (Table 6.3.1.).

A total of 180 oocytes were collected. 140 (77.8%) fertilized normally,
resulting in 90 (64%) of the embryos reaching the maturation stage on day 5.

2 Statistically significant.
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Table 6.3.1. All the patient’s pregnancy history with current results

Pair Karyotype Number Number of Results
No. of euploid aneuploid
embryos embryos

1 46,XX,t(1;6) (p22;p25) 1 3 Pregnancy did not
46,XY occur

2 46,XX 2 2 Natural pregnancy
46, XY,t(412) (q31;q13)

3 46,XX 4 2 Pregnant after IVF
45,XY,der(13;14) (q10;q10)

4 46,XX,t(9;17) (p10;p10) 1 2 1 child after IVF
46,XY

5 46,XX,t(6;10) (p21.3;q22.3) 0 1 Needs new
46,XY stimulation

6 46,XX 0 2 Needs new
45,XY,der(13;14) (q10;q10) stimulation

7 46,XX 2 2 Pregnant after IVF
46,XY;t(1;3) (q12;q29)
[4]/46,XY[15]

8 46,XX,t(13;20) (q34q13) 0 6 Needs new
46,XY stimulation

9 46,XX,t(8;11) (p23;p15) 0 4 Needs new
46, XY stimulation

10 46,XX 0 4 Needs new
45,XY,der(13;14) (q10;q10) stimulation

Figure 6.3.1. Diagram of collected oocytes and embryo biopsy with current results
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A biopsy was performed on 69 blastocysts and PGT-A was done for biopsies
from 48 embryos. The total abnormality rate from the 48 embryos was 79.2%
(including 10 - euploid, 38 - having chromosomal structural aberrations or
aneuploidies) (Figure 6.3.1.).

Twenty-two embryos were analyzed from the carriers of Robertsonian
translocations.

Of these 22, the rate of unbalanced translocations was 81.8%, whereas from
the reciprocal translocation carrier group, the unbalanced translocation rate of
embryos was 76.9%.

Unbalanced translocation rates in embryos resulting from woman were
higher than those from men, 88.9% versus 73.3%. This study involved 18 em-
bryos from 5 couples where the female was a carrier of balanced translocation
and 30 embryos from 5 couples where the male was carrier.

The women ranged from 31-36 years of age with a median age of 34 and
the men ranged 28-46 years with a median age of 39.

The highest euploidy rate was in the male carrier group - 26.7%, and the
lowest was in the Robertsonian translocation carrier group — 18.2%. Sporadic
aneuploidy of 68.2% was also highest in the Robertsonian translocation carrier
group, and lowest in the female carrier group - 11.1%.

The unbalanced translocation rate in embryos was highest in the female
carrier group — 77.8%, and lowest in Robertsonian group — 13.6%.

One female patient with a reciprocal translocation between 13 and 20
chromosomes had unbalanced chromosomal translocations inherited from her
mother in all six embryos tested. One male patient with type D Robertsonian
translocation between 13 and 14 chromosomes had aneuploidy in 12 embryos
from 16 that were tested.

After PGT-A results were obtained, 5 of 10 female patients needed new
stimulation as PGT-A showed 0 euploid embryos. In 1 female patient with
reciprocal translocation, pregnancy did not occur after FET. One patient, whose
husband was a reciprocal translocation carrier, conceived naturally. Two patients
having husbands being Robertsonian and reciprocal translocation carriers, got
pregnant after iVF treatment. One child was born from a woman carrier of
reciprocal translocation (Detailed information is available in the Table 6.2.3. in
the Appendix II).

44



7. DISCUSSION

Infertility is a widespread problem that affects many couples worldwide.
It has been estimated that up to 15% of couples experience infertility. It can
be caused by many different factors, including problems with ovulation, sperm
quality, or the reproductive system itself. One of the most common causes of
infertility is a recurrent implantation failure, which occurs when embryos fail
to implant in the uterus after transfer. Recurrent implantation failure is an
important challenge in assisted reproduction, as it significantly reduces the
chances of a successful pregnancy. In this thesis, strategies and techniques are
discussed that can be used to decrease the incidence of early pregnancy loss
and increase the chances of successful pregnancy in patients with infertility. The
research focused on three studies that investigated the use of different methods
and combination of them to reach the result in the fastest way. The idea of in-
vestigation of different levels (embryonic and endometrial) of the IVF processes
may provide the answers to the questions which factors affect the implantation
most and what we need to avoid or identify in the group of patients with recur-
rent implantation failure. The studies that are included into the present thesis
investigated the following embryonic factors such as morphology, kinetics and
genetics, which represent the life perspective and potential of the embryo. One
of the uterine factors, such as endometrium receptivity also reflects the women’s
health condition and have been studied by the author of the thesis.

The main goal of assisted reproductive technologies is to improve quality
and effectiveness of infertility treatment in IVF cycles, and to reduce RIF and
complications during procedures. For this purpose several methods of embryo
selection were tested — one of them is time-lapse system, another - PGT-A and
clarification of the endometrium functionality. As complies with the research
of the both authors (Cozzolino et al. 2020; Lessey and Young 2019). Altogether
they elucidate the individual capabilities of patients to produce high-quality
gametes, the ability of these gametes to fertilize and further divide, as well as the
individual characteristics of a woman regarding implantation of the fertilized
gametes or — an embryo. It is established that the quality of the gametes and
the quality of the embryos strongly correlates (Campbell et al. 2013). The “gold
standard” for preparing and conducting an IVF procedure is the evaluation of
three fundamental factors — the embryonic, uterine and woman’s health fac-
tors (immune factor, coagulation factors), upon which the outcome of the IVF
directly depends.

Study I - during this study the main focus was to understand whether the
TLM (time-lapse system) can affect the fertilization of the oocytes and develop-
ing of the embryos in comparison with the control group, in which the embryos
were cultivated in the standard incubator, and also how the incubation in the
closed system (TLM) can affect pregnancy outcomes and pregnancy loss until

45



seventh week of pregnancy. Also, utilizing a TLM system can offer additional
advantages, such as improved and flexible management of laboratory workload.
The selection of embryos based on visual indicators of presumed quality has
mostly relied on subjective application of a decision tree. The incorporation
of multiple visual parameters has resulted in enhanced outcomes, and the
widespread adoption of the widely known ‘Gardner criteria’ serves as a good
illustrative example (Apter et al. 2020). Kirkegaard group and later on Milewski
group also showed that TLM system positively affected fertilization and cultiva-
tion of embryo till blastocyst stage in comparison with the standard incuba-
tion (Kirkegaard et al. 2013; Milewski and Ajduk 2017). Considering that the
embryonic factor is one of the main factors influencing implantation (Balaban
et al. 2011), one of the main tasks is to ensure the quality of gametes (oocytes
and spermatozoa).

Thus, the specific selection of embryos is fundamental to the process of
obtaining positive results in the IVF cycle. To accomplish successful outcome,
precise standardized methods need to be employed, including the selection of
embryos according to three parameters. The first being morphology, the sec-
ond - kinetic properties of the embryo, and the third - genetic evaluation of
the blastocyst.

The study found that the time-lapse imaging and monitoring system is a safe
non-invasive method to improve reproductive outcomes. Stable and controlled
incubation conditions and embryo monitoring in-situ provide a consistent mi-
lieu for the developing embryo. Changes in temperature, air and pH which the
embryo is exposed to in conventional incubators can be harmful (De Mouzon
et al. 2010). The study demonstrated increased biochemical, clinical, and ongo-
ing pregnancy rates, and a statistically significant decrease in early pregnancy
loss rates.

The median age of patients involved in IVF treatment (37+2 years) (Eurostat,
“Fertility Statistics — Statistics Explained,” n.d.) has increased to 38+6 years in
recent years, which is a risk factor for obtaining an insufficient number of good
quality oocytes. To improve this aspect various modified, personalized protocols
are used to acquire a larger quantity and usually better quality of cells. In the
Study I the median age of the patients which were involved in to the study
was 35.9 years for the TLM group and 39.2 years for the control group, that is
statistically different (P < 0.0001). That why in this study patients were divided
in two subgroups - until and over 35 years. The quality and the age of the
oocytes are one of the most important factors for the future embryo quality,
its ability to cleavage and evolve, and the possibility of implantation later on.
As indicated by many authors, maternal age have been associated with a strong
decline in the production of healthy and high-quality oocytes which results in
reduced fertility in women that are older than 35 years (Mikwar, MacFarlane,
and Marchetti 2020).
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Also, the quality of the sperm can affect the prospects of the embryo de-
velopment and quality. In the Study I only two characteristics of sperm from
male partners was tested — the sperm concentration and DNA integrity, and
in the both groups (TLM and control group), the parameters of the sperm
were the same (p = 0.21 and p = 0.14, respectively). Since the preparation of
the sperm includes swim-up method that selects the most motile sperm in the
upper fraction and leaves low or no motility sperm in the lower fraction, the
concentration of the sperm does not play a crucial role in the fertilization. It is
known that sperm DNA integrity plays more important role in fertilization and
proper division of embryos than the sperm concentration (Bungum et al. 2007),
as it affects the fragmentation of the blastocysts and their quantity and directly
their ability for implantation. Therefore, the obtained results from the TLM and
control groups are comparable.

The fertilization of the oocytes till 2 PN stage in both subgroups (younger 35
and over 35 years of age) in the TLM group shows statistically significant better
results (p = 0.004) comparing to the controls. This confirms that the comfortable
environment, which is provided by TLM system influences the fertilization rate
and embryo developing. Interestingly, higher cleavage rate till the 3" day and
the 5% day was statistically higher in the TLM group in comparison with control
group. It is in line with the study of the Milewski group (Milewski and Ajduk
2017). The results of the study support the use of the TLM system as successful
tool for improving the fertilization of oocytes to the 2PN stage, as well as for the
cultivation of embryos up to 3-5 days in all study groups (donor cells, patients
younger and older than 35 years) compared with the controls.

The TLM selection model has been validated in several other studies
(I. Rubio et al. 2014; Pribenszky et al. 2010; Wong et al. 2010). It also specifies
the conditions for excluding impaired embryos from the transfer, in order to
prevent early pregnacy loss. TLM system is not only a high-quality incubator,
which provides correct media for better embryo development, but also the
specific artificial intelligence, which contributes the algorithm impeding correct
choice of the embryo for the transfer. As described in the Basile research the
current methods of embryo evaluation relies mostly on static observations of the
morphology. These observations are critically restricted to specific times and, as
the development of the embryo is a dynamic process, many critical stages may
go unnoticed. This imaging system in the embryology and the possible use of
it is a novel selection tool (Natalia Basile and Meseguer 2012). This approach is
also supported by ESHRE guidelines (Apter et al. 2020).

ESHRE guidelines provide the long list of recommended condition for
embryologist regarding education of the staff, finding the appropriate system
settings. During Study I the effectiveness, utility and accessibility of the tech-
nology was validated and proved, as well as counsel patients alongside offering
described method.
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The use of TLM and the selection of high-quality of embryos directly af-
fect the further onset of pregnancy and its outcome. In the Study I it has been
shown that in spite of similar implantation rate in all transfer groups, the early
pregnancy loss significantly decreases in the TLM group in comparison with the
controls (p = 0.043). The same outcome have been demonstrated by Meseguer,
as clinical pregnancy rate for treatments using TLM, comparing to standard
incubator, significantly increased (Marcos Meseguer et al. 2012).

Therefore, TLM can be recommended for the implementation in the clinical
routine of IVF clinics. Especially important is TLM ability to decrease early
pregnancy loss rates, which is a devastating clinical problem for both the couple
and the physician. Implementing this non-invasive method would be the first
step to improve the outcomes in IVF treatment, and to decrease EPL rates.

Genetic testing of embryos for chromosome composition is one of the fun-
damental criteria for the quality of embryos, as well as factors affecting implan-
tation and reducing the number of unsuccessful cycles. It is worth noting that
both methods - non-invasive TLM and invasive PGT-A - are interconnected
and give the best result only in combination. Further, an invasive method for
examining embryos at the blastocyst stage requires TLM due to the impossibil-
ity to coordinate the time of the trophectoderm biopsy.

Chromosomal aberrations in embryos occur for several reasons, the most
common of which are an insufficient maturity of the oocytes or age-related
changes in the oocytes associated with a weakening of the spindle apparatus, as
well as various hormonal and immune factors. The male factor plays an impor-
tant role in the formation and further development of the embryo. Abnormal
DNA integrity can cause aneuploidy in embryos. It is well known that the per-
centage of euploid and aneuploid embryos depends on the woman’s age: in the
age group up to 35 years, every 5% oocyte leads to the formation of an euploid
embryo; in the age group 35-39 years - every 9" oocyte, and after 39 years —
every 16" oocyte (Esteves et al. 2018). The POSEIDON criteria were developed
to provide a more detailed picture of patients with poor ovarian response and
to help physicians in the management of these patients (Roque et al. 2021). The
new standards are challenging the current criteria of patients with poor ovarian
response in favor of the newly defined concept of “low prognosis” (Esteves et al.
2018). Some of the authors implies that the selection of the embryos until the
blastocysts stage is completely enough to achieve the clinical pregnancy (Cruz
et al. 2011). Thus, the use of the PGT-A method makes it possible to reduce the
number of obviously negative embryo transfers (or transfers with aneuploid em-
bryos) in genetically healthy couples. It also makes it possible to find embryos
free from chromosomal defects in patients having an altered karyotype, thereby
reducing the percentage of implantation failure.

For the purpose to improve the results of IVF treatment and to decrease early
pregnancy loss, in the Study II two invasive methods were tested: preimplanta-
tion genetic testing for aneuploidies and endometrial receptivity array — which
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both focus on patients having recurrent implantation failure. It is well established
that maternal age is associated with a rapid decline in the production of healthy
and high-quality oocytes and euploid embryos which results in reduced fertil-
ity in women older than 35 years (Mikwar, MacFarlane, and Marchetti 2020).
In the last ESHRE guidelines edition (ESHRE PGT Consortium good practice
recommendations for the detection of structural and numerical chromosomal
aberrations) it is recommended to use PGT-A method as one of the treatment
factors for patients with recurrent implantation failure and recurrent pregnancy
loss (Coonen et al. 2020).

In this study the women of of all groups were the similar age (p = 0.21)
with recurrent implantation failure in the medical history were analyzed. The
embryonic outcomes in four groups showed statistical differences (p = 0.02),
due to variations in the quantity of acquired blastocysts. However, as the single
embryo transfer (SET) for patient in each group was performed, the results
are comparable. Furthermore, in the study groups, additional examination was
provided for both the embryo and the endometrium. In the control group -
Group I, SET was performed without any additional examination of the embryo
(PGT-A) or the endometrium (ERA test).

In the Group II PGT-A method was provided to determine the chromo-
somal status of an embryo prior to transfer. An euploid embryo refers to an
embryo that possesses 23 haploid chromosome pairs and 2 sex chromosomes.
On the other hand, aneuploid embryos are those that exhibit alterations in the
number or structure of chromosomes.

In this study for Groups II and III the euploid embryos have been used,
but for Groups I and IV PGT-A test was not provided. Therefore, the chromo-
somal status of embryo in the latest groups was not clear. From another studies
(Cozzolino et al. 2020) it is known that the euploid embryos have highest pos-
sibility of implantation, less percent of early pregnancy loss, higher percent of
live birth and the similar results have been shown in this thesis. The possibility
of the implantation considerably reduces in a case of embryos aneuploidy. For
example, the changes in the 1%, 2", and 3™ chromosomes stops the develop-
ment of the embryo in the first 8 days. The changes in the 16", 19" and 22"
chromosomes predict the obturation of the pregnancy around week 7-8" of
pregnancy (C. Rubio et al. 2013). The missing one of the pair of the chromo-
somes blocks the development of the embryo in the early stages (Thornhill et al.
2005). The results of the studies presented in this thesis confirmed these data
as well. Therefore PGT-A is considered essential for women over 35 to improve
IVF outcomes and to decrease RIF rates.

In Group III the PGT-A and ERA test were provided in combination. ERA
tests determination of the implantation windows in the endometrium is one
of the possible factors to reduce implantation failure rates. The implantation
windows are forming in the endometrial structure in day 7 after ovulation.
The different factors such as inflammation process in the uterus, Asherman
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syndrome, as well as organic changes as polyps or submucosal myomas, can af-
fect implantation process negatively (Bender Atik et al. 2022). Therefore, patients
with these confounding factors were excluded from the present study. Based on
that, the ERA test, which provides genetic profiling of the endometrium and
is not directly linked to the factors mentioned above. The ERA test is more
precise and more important method to determine the day and hour for the
implantation, as the result patients with recurrent pregnancy loss, have higher
rate for clinical pregnancy and significantly decrease biochemical pregnancy
loss, if this method combined with PGT-A. Ruiz-Alonso with the group also
shows decrease in the early pregnancy loss with the ERA tests (Ruiz-Alonso
et al. 2013). In the current ESHRE guidelines the effect of the ERA test for
the recurrent pregnancy loss patient group was not described. General focus in
ESHRE Recurrent pregnancy loss guidelines was made on the morphological
and immunological condition of the endometrium, but the genetic status of
the endometrium was not reviewed. (Bender Atik et al. 2022). However, data
from Study II confirm that combination of several factors play a crucial role in
recurrent implantation failure, including embryo quality (both morphological
and genetic) and also endometrial receptivity (window of implantation). Two
groups that showed the best results of the achieving clinical pregnancy were the
Groups when combined treatment methods were used (FET+PGT-A 49.3% and
FET+PGT-A+ERA 55.6%, respectively). The clinical pregnancy rate is the main
criterion for determining treatment effectiveness. These results demonstrate
that the combination of genetic testing of the embryo (PGT-A) prior embryo
transfer and genetic assessment of the endometrium (ERA test), which establish
the exact time of the embryo transfer are the best treatment model, as they
decrease biochemical loss and increase the clinical pregnancy rate. Combined
implementation of the PGT-A and ERA test improves biochemical and clinical
pregnancies rates either in patients with recurrent implantation failure, com-
pared to cycles where embryo transfers were carried out without additional tests
or if the methods were provided one at a time.

The results in the Group IV possibly can be explained by the small number
of patients for whom only the ERA test was applied. Therefore, the use of the
ERA test alone is still debatable. However its use in combination with PGT-A
enhances the results of implantation, as PGT-A gives complete enlightenment
about the chromosomal structure of the transferable embryo, its potential for
implantation and development. Clarification of the day and time of transfer is
determined by the ERA test.

As mentioned before, other putative factors can have an impact on fertility
treatment, which were not investigated in this study, including uterine microbi-
ome, different immunological factors such as increase of pro-inflammation inter-
leukins, overproduction of the TNF-a, abnormal function of natural killers (NK)
and specifically uterine NK cells along with non-immunological factors. Also, as
mentioned earlier, the male factor or sperm DNA integrity is thought to play a
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role in RIF (Zini et al. 2008). Other studies, however, failed to confirm this (Carol
Coughlan et al. 2015). Assessing of their relative importance is crucial. Such stud-
ies would help clinicians reduce recurrent implantation failure and assist couples
to achieve successful pregnancies. Perspective studies should be continued.

Study III also demonstrated that PGT-A becomes important not only for a
group of patients with recurrent implantation failure having normal karyotypes,
but more importantly, for a group of patients having balanced translocations.
The results showed that rates of aneuploid embryos in these patients are higher
when compared to patients with normal karyotypes. Therefore, they are at
significantly higher risk of developing RIF - especially if a female is the carrier
of a translocation. This is considered as good practice and has been strongly
recommended by the ESHRE PGT Consortium (Coonen et al. 2020).

Comparing male and female carriers, the total aneuploidy rates higher in
the maternal group, and the percentage of embryos related to translocation is 4.7
times higher in the maternal group than in the paternal one, even taking mater-
nal age into account. This explains the phenomenon, that female translocations
carriers have higher percentage of miscarriages and fetal abnormalities than
partners of male carriers. This difference in the rate of embryos with unbalanced
translocations between male and female translocation carriers presented in this
study is statistically significant (12% vs. 24%, p < 0.05), which is in concordance
to other authors (Idowu et al. 2015).

There are only a few studies investigating patients with balanced transloca-
tions and comparing them for all possible aspects of IVF outcomes (Idowu et al.
2015). Usually, the number of the patients is small as this is a rare disease. The
present study provides additional data to this rare condition, as well support
the evidence of mandatory implementation of PGT-A in the infertile treatment
patients with Robinson translocation. More effective consultations and patient
evaluations are needed regarding prognostic accuracy of aneuploid embryos.
More data on balanced chromosomal changes are required.

In summary, the reasons for implantation failure are multifactorial. The
most common reasons are chromosomal aberrations of an embryo, endome-
trium abnormality, different kinds of coagulopathies, endocrine disorders, and
combinations and interplay between these factors. The present work conducted
during the last years analyzed and observed the patients facing these problems.
In these 3 studies the most important factors of implantation — as embryonic
and endometrial - were investigated and analyzed. Taking into consideration
review of the literature and the results of described studies, the algorithm of
fertility treatment is outlined in chapter 9. This unique algorithm provides
detailed practical clinical steps for IVF procedures regarding fertility treatment
of patients having a recurrent implantation failure in the medical history. To
date, the ESHRE Recurrent Implantation Failure Guidelines, have not delineated
specific recommendation for the patients having implantation failure, however,
the ESHRE group is currently updating these guidelines.
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For patients having 2 failed pregnancies during the IVF cycles, the funda-
mental recommendation is a detailed examination of both partners including
karyotyping them to exclude different kinds of aberrations in their own chro-
mosomes. It is also important to make detailed examination of the embryos,
including embryo cultivation until the day 5 (blastocyst stage) through daily
or on-line monitoring using time-lapse microscopy. This step is expected to
improve the process of excluding embryos with increased fragmentation and
of morphologically poor quality. The use of this standardized algorithm and
performing the appropriate selection (kinetic and morphological) will increase
ET implantation potential. This method provides information about kinetics of
embryo development (or embryo meiosis rate) using different validated algo-
rithms (M. Meseguer et al. 2011; I. Rubio et al. 2014; N. Basile et al. 2015). It
also provides a good image of embryo development following its transfer to the
uterus cavity.

PGT-A is the most promising method in the evaluation of embryo quality
and prognosis for implantation. It is worth noting that more precise prognostic
results are obtained analyzing material from the embryo trophectoderm and
not from the blastomere (3" day embryo). Examination of specifically those
cells gives reliable testing results. This method improves pregnancy outcomes in
patients having implantation failure. It also reduces most of the serious diseases
that might occur in their future offspring. Accordingly, the complete exami-
nation of the embryo is the first step for patients having 2 failed pregnancies
during IVF cycles.

One of the aspects for patients with recurrent implantation failure is the
detailed examination of the endometrium, which includes evaluation of endo-
metrial thickness in the first and second phase of the menstrual cycle, to exclude
the presence of organic damage like polyps, hyperplasia, adhesions as well as
myomas, adenomyosis and congenital anomalies. Observation of patients with
implantation failure confirms that better prognostic potential requires examina-
tion of the endometrium regarding the implantation window. Different factors,
like abortion, inflammatory processes of endometrium, severe or chronic hor-
monal imbalance, can lead to a significant shift of the window of implantation.
The examination of window of implantation can be recommended in cases of
implantation failure as an additional examination.

It is important to stress that the recommendations mentioned do not
guarantee absolute or ultimate success following embryo transfer. More stud-
ies are necessary including endometrial T regulatory lymphocytes, plasma cell
(CD138+) infiltration, and the state of immunity of the endometrium.
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8. CONCLUSIONS

Based on the results of this thesis, the following conclusions are reached:
The TLM selection model helps to exclude impaired embryos for transfer
and prevents early pregnancy loss due to embryo morphological and kine-
tic developmental changes. Implementation of TLM increases biochemical,
clinical pregnancy and decreases early pregnancy loss rates. It might serve
as the step one in the treatment algorithm for the patients with recurrent
implantation failure.

Use of TLM system is essential as it provides the next step of embryo
examination - pre-implantation selection of the embryos of aneuploidy or
PGT-A.

Excluding transfer of aneuploid embryo, the PGT-A procedure positively
affects infertility care and reduces recurrent implantation failure, even if
implemented as a single treatment method.

The combination of morphological, kinetical and genetical embryo asses-
ment and clarification of the implantation window by ERA test decreases
extremely the implantation failure rate and increases the rate of clinical
pregnancy.

For patients with the balanced translocations in their karyotype, pre-im-
plantation selection of the embryos of aneuploidy is a “Gold standard” in
the case of recurrent implantation failure, as it increases the pregnancy rate
and decreases biochemical and clinical pregnancy loss.

Based on results obtained, the recommendations for the clinical practice
have been developed and are described in Chapter 9.
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9. CLINICAL APPLICATIONS FOR FUTURE PRACTICE

The reasons for implantation failure are multifactorial. The most common
causes are chromosomal aberrations of embryos, endometrium failure, different
kinds of coagulopathies, endocrine disorders, and the combination or interac-
tion between mentioned determinants. This research conducted in the iVF Riga
clinic during the last 10 years, including clinical analyses and observation of
patients has resulted in the development of a new algorithm for the examination
and management of IVF patients (see Figure 9.1.).

Figure 9.1. Algorithm for examination of patients having an implantation failure

Patients with 2 or more implantation failures in IVF cycles must be exam-

ined before undergoing new IVF cycles.

1. At the first stage of examination, karyotyping of both partners is re-
quired to assess the risk of developing abnormal embryos.

2. Detajled examination of the man includes sperm analysis using the
DNA fragmentation test. Both factors work to avoid defects during fer-
tilization and embryo development, and increase good morphological
embryos.

3. Other factors in examination of the woman includes hormonal analyses
and coagulation criteria, which affect the maturation quality of the
oocyte and also help professional to choose the best strategy for the
stimulation.
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4. In IVF cycles it is recommended to use TLM for the embryo selection
by morphological, kinetic factors and also to specify the day and time
of the embryo biopsy.

5. The PGT-A method is recommended for patients who have normal
karyotypes but have a complicated medical history. This method is es-
sential for patients with balanced translocations in their own karyotype.

6. A combination of TLM and PGT-A with the ERA test is an effective
approach for improving the outcome of IVF treatment, decreasing
implantation failure and early pregnancy loss in patients with normal
karyotypes and appliance of the PGT-A in patients with balanced
translocations provides positive results in IVF treatment.

This algorithm design has been used for infertility treatments of patients
who have a medical history of recurrent implantation failure. The clinical and
biochemical pregnancy rate, achieved at iVF Riga in 2022 is shown in Figure
9.2. For comparison, the data provided by the ESHRE registry are presented in
Figure 9.3. (ESHRE 2022).

Figure 9.2. Statistical data of iVF Riga biochemical and clinical pregnancy outcomes,
2022

This data involved FET results present higher clinical pregnancy success
rates than European mean pregnancy rates in the Figure 9.3. below.
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Figure 9.3. Statistical data of ESHRE clinical pregnancy outcomes, 2018
Continuous studies are recommended to identify other reasons for recur-

rent implantation failure, including uterine microbiome, immunological and
male factors.
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Appendix Il

Table 6.3.1. All the patient’s pregnancy history with data of ovarian stimulation,
insemination, embryo biopsy with current results

Pair Karyotype Preg- Child- | Children |Pregnancy Life-born
No. nancy | birth with fetal child with
abnormality | pathology
1 46,XX,t(1;6) (p22;p25)
0 0 0 0 0
46,XY
2 46,XX
1 0 0 0 0
46, XY,t(4;12) (g31;q13)
3 46,XX
45,XY,der(13;14) (q10;q10) 0 0 0 0 0
4 46,XX,(9;17) (p10;p10)
0 0 0 0 0
46,XY
5 46,XX,1(6;10) (p21.3;q22.3) 1 1 1
0 0
46,XY 0
6 46,XX 1 1 1
0 0
45,XY,der(13;14) (q10;q10) 0
7 46,XX
46,XY,t(1;3) (q12;q29) 0 0 0 0 0
[4]/46,XY[15]
8 46,XX,t(13;20) (q34q13)
2 0 0 1 0
46,XY
9 |46,XXt(811) (p23;p15) 1
3-5 1 0 0
46, XY 1
10 46,XX
2 0 0 0 0
45,XY,der(13;14) (q10;q10)
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Obtained | Fertilized |Obtained | Biopsied Blastocysts | Euploidy | Aneuploidy Results
oocytes oocytes blastocysts | blastocysts | analyzed
Pregnancy
18 9 8 5 4 1 3 did not occur
Natural
8 8 5 4 4 2 2 pregnancy
lcycle-13|1cycle-11| 1 cycle-4 | 1cycle-4 | 1cycle - 4 Pregnant
fter IVF
2 cycle - 2 cycle - | 2 cycle - 4 2 2
2 cycle - 21| 2 cycle - 18 13 12 12
1 child after
18 14 8 4 3 1 2 IVE
Needs new
13 5 5 4 1 0 1 stimulation
lcycle-11| 1cycle-9 | 1cycle-9 | 1cycle-2 |1 cycle -2 Needs new
0 2 timulati
2cycle-4 | 2cycle-3 | 2cycle-0 | 2 cycle -0 | 2 cycle - 0 stmutation
Pregnant
24 20 16 15 4 2 2 after IVF
Needs new
8 8 8 6 6 0 6 stimulation
Needs new
25 18 5 4 4 0 4 stimulation
Needs new
17 17 9 9 4 0 4 stimulation
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Appendix II (continued)

Table 6.3.2. Patients’ data of karyotype, number and grade of obtained blastocysts
with PGT-A results

No. | Gender Age Karyotype Blastocysts Blastocysts grade
analysed
Female 35 46,XX,t(1;6) (p22;p25) 4 1) BC3BB
2) BC3BB
3) BC4AA
4) BC3AB
Male 46 46, XY,t(4;12) (q31;q13) 4 1) BC3BB
2) BC3BA
3) BC2BB
4) BC3AB
Female 34 46,XX,t(9;17) 3 1) BC2BB/3/D
(p10;p10) 2) BC2BB/2/A
3) BC2BB/5/A
Female 32 46,XX,t(6;10) 1 1) BC3BB
(p21.3;q22.3)
Male 28 46,XY,t(1;3) 4 1) BC2BB/4/A
(q12:929)[4]/ 46,XY[15] 2) BC3BB/4/A
Female |31 46,XX,t(13;20) (q34q13) 6 1) BC2BC/5/A

2) BC2BB/5/A
3) BC2AB/5/A
4) BC2AB/4/A
5) BC3BB/5/BG
6) BC2BB/5/A
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PGT-A results

1) arrlp36.331p22.1(102664-92589017)x1, 6p25.3p24.3(103351-8874411)x3;
2) arrlp36.331p22.1(102664-92589017)x3,6p25.3p24.3(103351-8874411)x1;
3) arr(1-22)x2,(XY)x1;

4) arr1p36.331p22.1(102664-92589017)x1,6p25.3p24.3(103351-8874411)x3

1) arr4q32.3q35.2(169102980-190815481)x1,12q21.1-q24.33(72408753-133435933)x3
2) arrl6p13.3p12.2(137326-23760229)x3

3) arr(1-22,X)x2

4) arr(1-22,X)x2

1) arr9p24.3q13(104476-66534426)x1, 17p13.3p11.2(556474-20230594)x1
2) arr(9)x1
3) arr(1-22)x2, (XY)x1

1) arr(2)x1~2,6p25.3p21.32(672168-3233433100)x1,10p23.1q26.3(82574455-135336967)x3,(12-
22,X)cx

1) seq[GRCh37]dup(4)(p16.3q31.21)chrd:g. 602,531_144,926,382 del(4)(q31.21q35.2)
Chr4:g.146,137,5237190,874,077
2) seq[GRCh37](1-22)x2, (XY)x1

1) seq[GRCh37](1-22)cx dup(13)(q12.11q33.3) chr13:2.19,812,720_108, 833, 167 del(13) (q34q34)
chri3:g.

110,994,782_114, 494, 829 del(20) (p13q13.2) chr20:g. 621, 362_52, 103, 980 dup(20) (q13.2q13.33)
chr20:g.

53,221,087_62,715,666

2) seq[GRCh37] (1-22,X)cx dup(13) (q12.11q 33.3) chrl3:g. 19,812,720_108,833,167 del(13)
(q34q34) chrl3:g.

110,994,782 _114,494, 829 del(20) (q13.2q13.33) Chr20:g. 53,221,087_62,715,666

3) seq[GRCh37]dup(13) (q12.11q33.3) chr13:g. 19,812, 720_108, 833, 167 del(13) (q34q34)
chr13:g. 110,994,

782_114,494,829 del(20)(p13q13.2) chr20:g. 621, 362_52, 103,980 dup(20)(q13.2q13.33)
chr20:¢.53,221,087_62,715,666

4) seq[GRCh37](1)x1del(13) (q34q34) chrl3:g. 110,994,782_114,494,829(17)x1 dup(20)
(q13.2q13.33) chr20:g. 53,221,087_62,715,666 del(20) (q13.2q13.33) chr20:g. 53,221,087_62,715,666
5) seq[GRCh37]dup(13)(q12.11q33.3) chr13:g. 19,812,720_108, 833,167 del(13) (q34q34)

Chrl3:g. 110,994,782_114,494,829

6) seq|GRCh37]del(13)(q34q34) chrl13:g. 110,994,782_114,494,829 dup(20) (q13.2q13.33)
chr20:¢.53,221,087_62,715,666
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Appendix II (continued)

Table 6.3.2. Patients’ data of karyotype, number and grade of obtained blastocysts
with PGT-A results. Continued

Gender

Age

Karyotype

Blastocysts
analysed

Blastocysts grade

Female

46,XX,t(8;11)
(p23;p15)

1) BC2AB/5/A
2) BC2BC/CC/5/A
3) BC5BC/CC/1/D
4) BC3AB/2/A

Male

46

45,XY,der(13;14)
(q10;q10)

1 cycle - 4
2m cycle - 12

1) BC2BB/5/D
2) BC2BB/5/A
3) BC2BB/5/A
4) BC2BB/4/A
1) BC2BB/5/A
2) BC2BB/2/A
3) BC3BB/4/A
4) BC3AB/5/A
5) BC3AA/5/A
6) BC3BC/3/D
7) BC3AB/1/C
8) BC3AA/1/C
9) BC3BB/5/A
10) BC3BB/5/A
11) BC2BB+cells/2/A
12) BC3BB/2/A

Male

40

45,XY,der(13;14)
(q10,q10)

1 cycle - 2
2M cycle - 0

1) BC2AB
2) BC3BB

10

Male

35

45,XY,der(13;14)
(q10;q10)

4

1) BC2BB
2) BC3AB
3) BC3BB
4) BC3BB




PGT-A results

1) seq[GRCh37]del(8)(p23.3p23.1) chr8:2.663,894_9,478,357, dup(11)(p15.5p15.4)
chrl1:g.721,142_6,682,406,(13)x1, (14)x1

2) seq[GRCh37]dup(X)(p22.33p22.12)chrX:g.3,354,528_21,343,697

3) seq[GRCh37] dup(8)(p23.3p23.1) chr8:g.663,894_9,478,357, del(11) (p15.5p15.4)
chr11:g.663,894_6, 682,406

4) seq{GRCh37]del(6) (q26q27)chr(6):g.161, 462,989_170,976,006,cxmos

1) arrmos(2)x1, 11q23.2q25(114304322-134564974)x1
2) arr(15)x1,(16)x3

3) arr(16)x1

4) arr(13)x1,(16)x1

1) arr(16)x1

2) arr18q21.2q23(49776191-77856022)x1_2

3) arr2q12.2q37.3(10656227-242058943)x1_2,6q23.3q27(138010907-170931603)x1_2;
4) arr(1-22),(XY)x1

5) arr(1-22),(XY)x1

6) arr(22)x1

7) arr(1-22,X)x2

8) arr(16)x3

9) arr(4)x3,(16)x3

10) arr(1-22)x2,(XY)x1

11) arr(4)x1, (19)x3

12) arr(16)x3

1) seq[GRCh37]6q13q27 (75,871,171-170,976,006)x1
2) seq[GRCh37](1-22)cx

[
1) seq[GRCh37](1-22,X)cx(13)x1,(21)x3
2) seq[GRCh37](1-22)cx (21)x2~3
3) seq[GRCh37]del(12)(q12q24.33) chrl2:g. 44, 629,644_133,380,179
4) seq[GRCh37](1-22)cx(13)x1~2,(16)x1
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