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Implantation and the Fetal Health
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Abstract

Implantation is one of the crucial periods in human reproduction. Increasing body 
of evidence suggests that the improper (dysfunctional) implantation and the forma-
tion of the placenta can endanger life and health of both the fetus and the mother, 
during prenatal life and decades after delivery. The idea of the inverted pyramid of 
prenatal care has emerged in the recent years, as the early detection and prevention of 
health disorders of the fetus are specially focusing on the first trimester. By applying 
this principle, disorders in the perinatal period could be prevented or treated with 
better outcome. The changes that lead to the deficient implantation should be sought 
in the preimplantation period, in relation between the embryo and the endometrium. 
It is possible that the time is approaching when the disorders of the pregnancy caused 
by dysfunctional implantation would be the indication for the application of a natural 
IVF (without ovarian stimulation) with the use of new biotechnological achieve-
ments. For better results of the perinatal medicine, it is necessary to apply earlier (in 
the preconception and preimplantation periods) the therapy based on the subcellular 
and genetic level by applying the latest biotechnological procedures.

Keywords: implantation, fetal health, pregnancy complications

1. Introduction

Most of the fetal and maternal complications become apparent with advancing 
gestation. However, since very important complications that occur later in preg-
nancy can be predicted in the first trimester, the focus has been set on the evalua-
tions in early pregnancy, thus inverting the pyramid of prenatal care. Although vast 
majority of early screening tests have been developed and employed, the outcome 
of pregnancies with the major obstetric syndromes still fails to be significantly 
improved. The changes etiologically and pathophysiologically associated with 
disturbed placentation and responsible for the perinatal mortality and morbidity 
should be sought even earlier, in the preimplantation period, in relation between 
the embryo and the endometrium.

2. Early pregnancy screening tests and algorithms

The idea of inverted pyramid of prenatal care has emerged for the purpose of 
prediction and prevention and then early detection and treatment of health disor-
ders of the fetus. By applying this principle, a number of disorders could be pre-
vented or treated with better outcome: fetal aneuploidy and anomalies, miscarriage, 
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stillbirth, preterm delivery, preterm premature rupture of membranes, preeclamp-
sia, and intrauterine growth restriction [1].

In recent years, screening for aneuploidies during the first trimester has reached 
effectiveness of over 90% in identifying the most common aneuploidies by a 
combination of maternal age, fetal nuchal translucency, as well as analysis of free 
beta-hCG and pregnancy-associated plasma protein A (PAPP-A) [2]. Effectiveness 
of screening for potential aneuploidies was further augmented with the introduc-
tion of the noninvasive prenatal testing using maternal plasma cell-free (cf) DNA, 
as a secondary test in those patients already regarded as being at high risk. The 
detection rate of major aneuploidies with this test is up to 99. 3%, with false positive 
rate of 0. 11% [3].

The development of sonography and MRI diagnostics has led to a growing num-
ber of early detected anomalies. A large number of these anomalies can be detected 
already at 11–14 weeks, while a number can only be found at a later gestation [4]. 
The prenatal detection rate for the major anomalies is around 68% (varying from 33 
to 96%) [5, 6].

First trimester screening often focuses on fetal aneuploidy and major structural 
anomalies. However, certain maternal characteristics, such as the age and body 
mass index (BMI), have shown to be very informative, with regard to the predicting 
miscarriage and stillbirth. The risk of preterm delivery is determined by algorithms 
that combine these results of the first trimester screening for aneuploidy, increased 
nuchal translucency, the abnormal ductus venosus flow, and low level of PAPP-A, 
with the characteristics of the mother [7–9]. Such example is the information on 
the length of the cervical canal from 11- to 13-week gestation [9, 10]. The risk of 
spontaneous preterm delivery is associated with cervical shortening in the second 
trimester, as well as in the first trimester. Combining this parameter with fetal 
aneuploidy analyses and major structural anomaly results is likely to be used in the 
future to select a high-risk group that may benefit from close follow-up.

Another example is the screening for the development of early preeclampsia 
(PE), based on the combination of maternal risk factors, mean arterial pressure, 
maternal serum PAPP-A, uterine artery Doppler, and placental growth factor. This 
algorithm has a 95% detection rate for a false-positive rate of 10% [11, 12]. Also, 
different angiogenesis-related biomarkers; antiangiogenic proteins, like soluble 
fms-like tyrosine kinase-1 (sFlt-1) and soluble endoglin; or proangiogenic proteins, 
placenta growth factor (PlGF) and vascular endothelial growth factor (VEGF) 
have been pointed out by a number of authors [10]. The placental protein-13 and 
other markers, disintegrin and metalloprotease-12 (ADAM12), activin A, or inhibin 
A, and other microelements or antioxidants, in isolation or in combination, were 
evaluated in order to predict complications of pregnancy [13–15]. It was also shown 
that early administration of low-dose aspirin (60–80 mg), starting from the first 
trimester, reduces the incidence of intrauterine growth restriction as well as its 
related pregnancy and neonatal complications for 17%, with number needed to 
treat (NNT) 72, and 14% reduction in fetal or neonatal deaths with NNT 24 [16].

The detection of the small for gestational age (SGA) fetuses could be predicted 
by algorithms with the combination of maternal characteristics, mean arterial 
pressure, uterine artery Doppler, and the measurement of various placental prod-
ucts in maternal blood at 11–13 weeks, at a false-positive rate of 10%, about 75% of 
pregnancies without preeclampsia delivering SGA neonates before 37 weeks and 
45% of those delivering at term [17]. Screening for macrosomia by a combination 
of maternal characteristics and obstetric history with fetal NT and maternal serum- 
free ß-hCG and PAPP-A at 11–13 weeks could potentially identify, at a false-positive 
rate of 10%, about 35% of women who deliver macrosomic neonates [18].
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Despite the introduction of the vast early pregnancy screening tests, there is 
still a very slight decrease or even increase in the rate of preterm birth and almost a 
constant rate of miscarriage, stillbirth, preeclampsia, and SGA [19–23]. Except for 
hereditary and structural disorders of the fetus, other disorders are etiologically and 
pathophysiologically associated with disturbed placentation and responsible for the 
perinatal mortality and morbidity [24].

The reasons why the modern medicine still fails to significantly improve the 
outcome of pregnancy with the major obstetric syndromes should be sought in the 
earlier period of pregnancy, even before the conception, and on another subcellular 
level (Personal communication Dudenhausen, Tirana 2015). Because the conse-
quence of these disturbances is seen in dysfunctional placentation, their sources 
must be searched before the time of implantation. This means that the changes 
that lead to the insufficient implantation should be sought in the preimplantation 
period, in relation between the embryo and the endometrium.

The onset and progression of pregnancy require the coordinated implanta-
tion of the embryo and trophoblast invasion into the receptive maternal decidua, 
followed by proper remodeling of the spiral arteries. Proliferation, migration, and 
invasion of trophoblastic cells into the maternal endometrium are the essential 
steps. If any of these steps fails to complete properly because of the endometrial 
dysfunction, the consequences would be the basis for development of obstetric 
complications.

3. Maternal health at preconception period

The implanting embryo physically establishes connections with the mother 
through the endometrium, by a fine-tuned and synchronized crosstalk necessary to 
support the feto-placental development and health throughout gestation [25]. Early 
alterations of endometrial physiology can affect the development of the conceptus 
and the success of pregnancy. The overall status of maternal health is reflecting 
on the endometrium. If we agree that the optimally prepared mucous membranes 
(either endogenously, by its own sex hormone or by exogenous regimes) are one 
of the preconditions for the successful implantation, then the modification of its 
preparation could influence the occurrence of disorders in later pregnancy and after 
the birth of the child.

Several studies have shown that preimplantation embryos are sensitive to 
environmental conditions in which it develops, either in vitro or in vivo, for 
example, in response to culture conditions or maternal diet [26]. Those conditions 
can affect future growth and developmental potential, both pre- and postnatally. 
Recent findings have demonstrated that perturbations of the maternal physiol-
ogy during the peri-conceptional period (e.g., maternal diet) have impact both 
on preimplantation phenotype and long-term development and could lead to 
impaired health during adulthood [26]. Emerging evidence suggests the metabolic 
status of the mother may “program” the offspring’s long-term risk of metabolic 
disease [27].

Modifications of preimplantation embryo conditions, using assisted reproduc-
tive technologies (ARTs) or somatic cell nuclear transfer (SCNT), have been associ-
ated with developmental abnormalities and postnatal consequences such as the 
large offspring syndrome (LOS) in animals [28–30]. Early alterations of the mater-
nal or embryo environment may affect the quality of the  embryo-endometrium 
crosstalk that further leads to pregnancy failure or postnatal detrimental 
consequences.



Induced Abortion and Spontaneous Early Pregnancy Loss - Focus on Management

4

4. Endometrium

Before the embryo can implant in the endometrium, the endometrium must be 
in a receptive state. As a result of a series of timed hormonal events, the so-called 
window of implantation is opened, which is the time most suitable for the endome-
trium to support trophoblast-endometrial interaction [31].

The term windows of vulnerability (WOV), i.e., period of time when the 
endometrium is subject to the influence of factors that may disrupt implantation 
conditions, has recently been introduced within the framework of reproductive 
medicine, besides the window of implantation (WOI), i.e., the optimal period of 
time of activation of endometrial receptivity (De Ziegler, personal communication, 
MSD symposium, Barcelona 2016).

Prepregnancy approaches such as weight management, blood pressure and 
blood sugar control, smoking cessation, and optimization of the pregnancy 
interval may improve implantation and placentation and lead to better pregnancy 
outcomes [32].

There are a number of different treatment protocols for the “inadequate” 
endometrium. The medical treatment with estrogens, vasodilators, and sildenafil 
citrate has neither led to significant improvements of morphological parameters nor 
to the results in terms of increasing implantation and reduction of the number of 
miscarriages [33, 34]. There have been reports of trials with immunoglobulins and 
anticoagulants in pregnancy complication prevention [35–39].

The local endometrium therapy is ongoing for several years. One of the promis-
ing therapeutic targets is the corticotropin-releasing hormone (CRH). During 
implantation, corticotropin-releasing hormone plays a key role in facilitating 
endometrial decidualization and early maternal tolerance. The embryo implanta-
tion provokes the maternal endometrial response similar to the invading semi-
allograft that produces acute inflammatory response. After the implantation, the 
embryo suppresses this response and prevents the rejection [40]. The deregulation 
of expression pattern of CRH was associated with unfavorable reproductive out-
comes as well as chronic endometrium-derived inflammatory disorders, such as 
endometriosis and adenomyosis [41]. Positive outcome was found after the intra-
uterine administration of autologous peripheral blood mononuclear cells (PBMCs) 
[41] especially when pretreated with corticotropin-releasing hormone that acts 
by regulating apoptosis of activated T- lymphocytes at the implantation site [42]. 
The results of eight studies showed that intrauterine administration of activated 
autologous peripheral blood mononuclear cells prior to embryo transfer improves 
the reproductive outcomes in women with repeated implantation failure [43].

Besides endometrial receptivity, another very important parameter is the 
endometrial thickness. Defined minimal thickness at approximately 7 mm and 
clinical pregnancy rates after embryo transfer increase with increasing endometrial 
thickness. One of the new therapeutic approaches to improve endometrial thickness 
is the intrauterine perfusion with granulocyte colony-stimulating factor (G-CSF). 
In clinical reproduction, G-CSF has been proposed as a treatment for implantation 
failure and repeated miscarriages, two indications for which a US patent has been 
issued. These authors have applied the drug subcutaneously [44]. Gleicher’s papers 
on flushing uterus cavity with growth factors before the embryo transfer have 
proposed granulocyte colony-stimulating factor as the treatment of implantation 
failure and repeated miscarriages [44]. Chang reported successful endometrial 
expansion in a small group of women with thin endometrium resistant to standard 
treatments, who were able to proceed to embryo transfer and conceive after uterine 
perfusion with G-CSF [45].
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The use of platelet-rich plasma (PRP) to improve endometrial receptivity is 
gaining increasing attention in assisted reproduction technologies. Platelets contain 
a significant amount of growth factors that have positive effects on local tissue 
repair and endometrial receptivity. Several authors have reported autologous PRP 
intrauterine injection improves pregnancy and birth rates, especially in patients 
presenting poor endometrial growth [46].

Chang and associates have recently published the attempt to improve the quality 
of endometrial thickness, implantation rate, and pregnancy success and to reduce 
the complications and miscarriage rate, by flushing the uterus cavity with autolo-
gous platelet-rich plasma in preparation for the implantation during IVF process 
[47]. Farimani reported the first successful pregnancy after administration of PRP 
in a woman with recurrent implantation failure [48]. Kim et al. suggested that the 
use of autologous PRP improved not only endometrial thickness but restored the 
endometrial receptivity of damaged endometrium and increased the implantation, 
pregnancy, and live birth rates (LBR) of the 24 patients with refractory thin endo-
metrium [49]. This therapy delivers biological growth factors, PDGF, TGF-b, and 
VEGF, insulin-like growth factor 1, epidermal growth factor (EGF), and epithelial 
cell growth factor to the endometrium. Our group has, so far, treated 25 patients 
with PRP technology and has achieved a significant improvement of the implanta-
tion rates and in reducing the number of abortions. We reported the first case of 
human embryo obtained after autologous platelet leukocyte-rich plasma (PLRP) 
in vitro activation of ovaries by interrupting Hippo signaling and PLRP stimulating 
AKT pathway with ultrasound-guided orthotropic re-transplantation [50]. The 
patient was a case of an early menopausal woman for whom the ovarian cortex was 
frozen, thawed, and treated with autologous PLRP which was then transplanted 
into her menopausal ovaries. Two months after the procedure, follicle formation 
was noted, and an egg was retrieved resulting in a single embryo [50].

The human endometrium is a dynamic tissue that undergoes monthly cyclic 
changes, including proliferation, differentiation, and degeneration. Apoptosis 
is the common pathway of cell death for eliminating senescent endometrial cells 
from the functional layer of the human endometrium during the late secretory 
phases of the cycle. It has recently been implied that autophagy is involved in the 
endometrial cell cycle affecting apoptosis and is the most prominent during the 
late secretory phase [51]. It is known that the impact on autophagy processes in 
the endometrium may lead to a reduced incidence of pregnancy complications 
related to the implantation. Our group has proved that autophagy, a process of 
controlled self-digestion involved in cellular homeostasis, is dysregulated in endo-
metrial tissue of polycystic ovary syndrome (PCOS) patients and that treatment 
with metformin might influence endometrial autophagy in PCOS [52]. Other 
studies reported that metformin can improve endometrial receptivity, enhance 
endometrial vascularity and blood flow, and revert endometrial hyperplasia and 
carcinoma into normal endometria in addition to improving hyperandrogenism 
and insulin resistance in some women with PCOS [53, 54].

5. Embryo environment

The essential requirements for normal implantation and subsequent pla-
centation leading to a healthy gestation are receptive endometrium and healthy 
embryo. However, there is still a growing number of unexplained failed implanta-
tion outcomes that could not be assigned to known factors and require further 
investigation.
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In recent years it was indicated that different etiologies of infertility arose 
as a result of the underlying genetic and epigenetic changes that contribute to 
the endometrial dysfunction and lead to implantation failure, miscarriage, and 
adverse outcomes. These epigenetic and genetic changes lead to placentation 
defects and contribute to the short- and long-term outcomes associated with 
infertility. One of the main causes for altered genetic and epigenetic regula-
tion of embryo development and placentation was assigned to hormonal and 
nutrition-related changes in maternal environment. Embryos respond to the 
in vivo maternal environment during gestation or during cultivation in vitro in 
multiple ways that can influence their future growth and health. Developmental 
plasticity could be altered by the changes in imprinted gene expression, nutrient, 
and stress-related signaling pathways or cell cycling and apoptotic rates. Embryo 
phenotype changes through a complex network of interactions with a central 
role for maternal-fetal neuroendocrine signaling [55]. Maternal undernutrition 
during gestation alters maternal steroid hormone levels, including elevation of 
glucocorticoids (GC; corticosterone, cortisol), the stress hormones, which can 
alter the physiological condition of the conceptus and affect the intrauterine fetal 
and postnatal growth and cardiovascular and metabolic physiology and enhance 
the risk of adult-onset disease. This exposure of the embryo to glucocorticoids can 
alter the fetal hypothalamus pituitary adrenal (HPA) axis, leading to increased 
fetal GC activity which can, in turn, modify the expression of many downstream-
regulated genes that control growth and metabolism, including cardiovascular 
and renal physiology [55].

The influence of placental function and placental/fetal exchange on fetal 
programming has been in focus of the recent research. Now it has become widely 
accepted that maternal nutrition can have the long-term consequences on the 
offspring without necessarily affecting the size at birth. Altered embryo pheno-
types induced by prenatal nutrition are associated with epigenetic modifications. 
Many imprinted genes contribute to placental function and nutrient exchange [56]. 
Early epigenetic effects in embryos caused by environmental conditions can lead to 
physiological impairment to growth due to reduced nutrient supply. There is now 
evidence from human studies and animal experiments that show the overnutrition 
and undernutrition during the prenatal period which have lifelong health effects 
for the offspring and induce the development of noncommunicable diseases during 
postnatal life [57].

Besides nutrition, the hormonal milieu at conception is known to affect a 
number of imprinted genes that are expressed during the preimplantation period. 
Hormonal status will be especially affected during fertility treatment, mostly dur-
ing IVF.  Because superovulation could lead to altered expression of endometrial 
genes critical to tissue remodeling and placentation, hyperstimulated hormonal 
status has been implicated in an increased risk for pregnancy complications related 
to abnormal placentation [58]. Although global methylation pattern was found to 
be similar among the IVF and spontaneous conceptions early during placentation 
in the first trimester, differential methylation has been identified in multiple loci 
between IVF and non-IVF fertility treatments pregnancies but not when com-
pared with spontaneous conceptions. This suggests that there are differences in 
the infertile population that might be linked to specific treatments, including the 
hormonal hyperstimulation, that could affect gene imprinting [59]. Several studies 
have found that the use of ARTs is linked with irregular DNA methylation in 
human gamete, embryo, placenta, and umbilical cord samples [60, 61]. There were 
also studies that showed association between specific procedures with methyla-
tion differences in placenta, suggesting that specific fertility treatments affect the 
placental epigenome and function [62].
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6. Embryo monitoring

The embryo has, in addition to the endometrium, the crucial importance for 
the success and regularity of the implantation and then placentation. The mor-
phological assessment of the embryos’ quality is insufficient for the cognition of 
its biological resources. The new invasive and noninvasive techniques of embryo 
quality assessment have been developed. Nowadays, the invasive technology means 
preimplantation genetic testing (PGT), the aneuploidy screening, or diagnosis 
of specific genetic disorders of the embryo before the transfer by using next-
generation sequencing (NGS). These tests include biopsy trophectoderm cells with 
blastocyst vitrification [63–65]. With trophectoderm biopsy, both maternal and 
paternal abnormalities can be studied. Possible disadvantages are the presence of 
mosaicism and the fact that the trophectoderm might not be a representative of the 
inner cell mass.

Noninvasive time-lapse embryo monitoring allows continuous embryo observa-
tion without the need to remove the embryo from optimal culturing conditions. The 
information on the cleavage pattern, morphologic changes, and embryo develop-
ment dynamics could help us identify embryos with a higher implantation poten-
tial. It has also been shown that imaging phenotypes reflect the molecular program 
of the embryo, where individual blastomeres develop autonomously toward embryo 
genomic activation [66].

This type of monitoring allows for the collection of much more information on 
the timing of the cleavages and the dynamics of the morphologic changes, with 
analysis of the kinetics of the events up until the blastocyst stage [67].

Various kinetic and morphologic markers have already been found that are 
associated with the minimal likelihood of implantation and others that are pre-
dictive of blastocyst development, implantation potential, genetic health, and 
 pregnancy [68, 69].

7. Gametes

After the formation of the embryo, its fate is already determined. The gamete 
quality has the crucial part in the creation of the high-quality embryos. The condi-
tions, in which oogenesis and spermatogenesis take place, have a crucial impact on 
the quality of embryos that is formed from these gametes.

7.1 Oogenesis

The evaluation of the oocyte quality based on morphological evaluation is not 
sufficient for an insight into the biological potential. It can identify those cells 
that have nuclear immaturity, significant degeneration, or major abnormalities. 
Recently, the developed strategies including the genomic, transcriptomic, and 
proteomic approaches have been applied in assisted reproduction. Their goal is to 
identify a “molecular profile” of embryo development by detecting the chemical 
components in the oocyte, granulosa cells, follicular fluid, and embryo culture 
medium [70].

Better predictors, the birefringence properties of the meiotic spindle, and the 
zona pellucida are indicative of good health of the oocyte [71]. A very useful data 
can be obtained from the application of studying gene expression from cumulus 
cells, using microarrays, as biomarkers for oocyte viability. The metabolomic 
profiling of oocyte spent culture media by mass spectroscopy has shown dif-
ferences related to oocyte maturation, embryo development, and implantation 
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success [72]. Oocyte quality can be assessed by the measurement of oocyte 
oxygen consumption [73].

Spermatogenesis: the quality of spermatogenesis is the condition for the forma-
tion of a good embryo. The advanced sperm selection techniques are based not 
only on the morphological assessment (defragmentation, MACS) but also on the 
evaluation of specific cellular characteristics (membrane integrity, density, surface 
charge) that provide a choice of better quality sperm. The methods of improving 
conditions of gametogenesis, which are applied so far, do not provide a sufficient 
effect. They are mainly related to the balance correction of microelements and 
vitamins, as well as the oxydo-reductive processes in the body. The sperm chroma-
tin and DNA integrity are necessary to ensure normal embryo development. It is 
now clear that DNA damage in spermatozoa has a negative influence on blastocyst 
development and the pregnancy outcome [74] . Similarly, centrosome integrity is 
critical for successful fertilization and embryo development. There are studies that 
have described the association between sperm with DNA damage and a history of 
recurrent miscarriage [75].

7.2 Advanced therapy

Magnetic-activated cell sorting (MACS) technology for sperm could improve 
obstetric and perinatal outcomes compared with those achieved after swim 
up. Treatment of sperm with MACS procedure prior to IVF results in a marked 
improvement in pregnancy rate and cessation of the abortion rate in couples whose 
ejaculates initially had high levels of SDF [76].

A number of prerequisites are needed to create high-quality oocytes, those condi-
tions are likely to be grouped into several parts: the existence of high quality responsive 
oogonia, its potential of the adequate number increase and quality of mitochondria, 
the presence of sufficient amounts and types of growth factors, orchestrated by the 
balance of blocking (Hippo) and activating (ACT) gene pathways [77].

For decades it was believed that the woman’s reproductive potential is entirely 
dependent on the size of the stock (pool) of primordial follicles in the ovary. The 
paradigm that has prevailed for decades in the scientific world about the existence 
of a consistent number of primordial follicles, established during embryonic and 
fetal period, was in many ways changed by Tilly’s group work. They practically 
demonstrated the existence of germline or oogonial stem cells [78].

Their dormant status is characterized by communication with surrounding 
granulosa cells and numerous mechanical and chemical factors controlling the 
progression of their cell cycle. These factors control signaling activation of the 
pathways included in the primordial follicle dormant status regulation, like Hippo 
and AKT signaling [77]. During the recent years, various programs have been 
developed to try to improve the quality of oocytes. It has been shown that it can 
be influenced on the activation of primordial cells and maturation to the mature 
oocyte. The stem cells can be influenced by the stem cell therapy in order to obtain 
the intracellular communication with the existing ovarian primordial oogonia. The 
therapy with mesenchymal stem cells has led to the recovery features of oocytes 
after the chemotherapy-induced insufficiency [79]. The animal experiments by 
the in vitro therapy with developed stem cells have led to the birth of live offspring 
without abnormalities [80]. Other groups of authors have tried to improve the ovar-
ian function with the growth factors obtained from the plasma and enriched with 
platelets and leukocytes. The cases of childbirth after re-transplantation of ovaries 
with support of PRP have been published [81]. Our group has achieved a normal 
pregnancy outcome after the sonographically guided therapy with growth factors in 
a female patient aged 40 years, after 18 attempts of in vitro fertilization.
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The role of the number and function of mitochondria in the development of 
quality oocytes is surely very important. The problems of mitochondrial hetero-
plasmy go with the complicated, technologically very complex methods of polar 
body transfer, spindle transfer, and pronuclear or oocyte transfer [82–84]. The 
augmentation of autologous mitochondria carries a potential treatment. Our team 
has inaugurated the attempt of the mitochondrial energy boosting with ovarian 
high-intensity interval training (HIIT).

The autologous growth factors that are intraovarian instilled are leading to the 
changes in the production and efficiency of the local growth factors. The influence 
on the genetic control of oogenesis, by the modification of the Hippo and AKT sig-
naling pathways, is possible in different ways. The correction of the gene signaling 
or autologous tissue genetic bioengineering is certainly a step forward in obtaining 
the quality gametes [50, 84].

8. Conclusion

Implantation is one of the crucial periods in human reproduction. Increasing 
body of evidence suggests that the improper (dysfunctional) implantation and the 
formation of the placenta can endanger life and health of both the fetus and the 
mother, during prenatal life and decades after delivery. The changes that lead to 
the insufficient implantation should be sought in the preimplantation period, in 
relation between the embryo and the endometrium. It is possible that the time is 
approaching when the disorders of the pregnancy caused by dysfunctional implan-
tation would be the indication for the application of a natural IVF (without ovarian 
stimulation) with the use of new biotechnological achievements. For better results 
of the perinatal medicine, it is necessary to apply earlier (in the preconception and 
preimplantation periods) the therapy based on the subcellular and genetic level by 
applying the latest biotechnological procedures.

Author details

Aleksandar Ljubic1, Dzihan Abazovic2, Dusica Ljubic3, Andrea Pirkovic4* 
and Andjela Perovic4

1 Medigroup, Belgrade, Serbia

2 Renova Clinic, Belgrade, Serbia

3 Special Gynecology Hospital Jevremova, Belgrade, Serbia

4 Segova Biotechnology, Belgrade, Serbia

*Address all correspondence to: andreapirkovic@segova.com

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



10

Induced Abortion and Spontaneous Early Pregnancy Loss - Focus on Management

[1] Nicolaides K. A model for a new 
pyramid of prenatal care based on the 
11 to 13 weeks’ assessment. Prenatal 
Diagnosis. 2011;31:3-6

[2] Wright D, Syngelaki A, Bradbury I,  
Akolekar R, Nicolaides KH. First-
trimester screening for trisomies 
21, 18 and 13 by ultrasound and 
biochemical testing. Fetal Diagnosis 
and Therapy. 2014;35(2):118-126. DOI: 
10.1159/000357430. Epub 2013 Dec 18

[3] Sonek JD, Cuckle HS. What 
will be the role of first-trimester 
ultrasound if cell-free DNA screening 
for aneuploidy becomes routine? 
Ultrasound in Obstetrics & Gynecology. 
2014;44:621-630

[4] Renna MD, Pisani P, Conversano F,  
et al. Sonographic markers for early 
diagnosis of fetal malformations. 
World Journal of Radiology. 
2013;5(10):356-371

[5] Stoll C, Clementi M, Euroscan 
Study Group. Prenatal diagnosis of 
dysmorphic syndromes by routine fetal 
ultrasound examination across Europe. 
Ultrasound in Obstetrics & Gynecology. 
2003;21(6):543-551

[6] Rydberg C, Tunón K. Detection of 
fetal abnormalities by second-trimester 
ultrasound screening in a non-
selected population. Acta Obstetricia 
et Gynecologica Scandinavica. 
2017;96(2):176-182. DOI: 10.1111/
aogs.13037. Epub 2016 Nov 22

[7] Datta MR, Raut A. Efficacy of 
first-trimester ultrasound parameters 
for prediction of early spontaneous 
abortion. International Journal 
of Gynaecology and Obstetrics. 
2017;138(3):325-330

[8] Wu Y, He J, Guo C, et al. Serum 
biomarker analysis in patients with 

recurrent spontaneous abortion. 
Molecular Medicine Reports. 
2017;16(3):2367-2378

[9] Greco E, Lange A, Ushakov F,  
Rodriguez Calvo J, Nicolaides KH.  
Prediction of spontaneous preterm 
delivery from endocervical length at 
11 to 13 weeks. Prenatal Diagnosis. 
2011;31(1):84-89

[10] Conde-Agudelo A, Romero R.  
Predictive accuracy of changes in 
transvaginal sonographic cervical 
length over time for preterm birth: A 
systematic review and metaanalysis. 
American Journal of Obstetrics and 
Gynecology. 2015;213(6):789-780

[11] Poon NC, Nicolaides K. Early 
prediction of preeclampsia. Obstetrics 
and Gynecology International. 
2014;1:1-11

[12] Akolekar R, Syngelaki A, Sarquis R, 
Zvanca M, Nicolaides KH. Prediction 
of early, intermediate and late pre-
eclampsia from maternal factors, 
biophysical and biochemical markers 
at 11-13 weeks. Prenatal Diagnosis. 
2011b;31(1):66-74

[13] Mihailović M, Cvetković M, Ljubić 
A, et al. Selenium and malondialdehyde 
content and glutathione peroxidase 
activity in maternal and umbilical 
cord blood and amniotic fluid. 
Biological Trace Element Research. 
2000;73(1):47-54

[14] Ćetković A, Ljubić A, Patterson M,  
et al. Plasma kisspeptin levels in 
pregnancies with diabetes and 
hypertensive disease as a potential 
marker of placental dysfunction and 
adverse perinatal outcome. Endocrine 
Research. 2012;37(2):78-88

[15] Giguère Y, Charland M, et al. 
Combining biochemical and 

References



11

Implantation and the Fetal Health
DOI: http://dx.doi.org/10.5772/intechopen.87016

ultrasonographic markers in predicting 
preeclampsia: A systematic review. 
Clinical Chemistry. 2010;56(3):361-375

[16] Duley L, Henderson-Smart DJ, 
Meher S, King JF. Antiplatelet agents 
in preventing pre-eclampsia. Cohrane. 
2007;2. Article No: CD004659. DOI: 
10.1002/14651858.CD004659.pub2.

[17] Karagiannis G, Akolekar R, Sarquis 
R, Wright D, Nicolaides K. Prediction 
of small-for-gestation neonates from 
biophysical and biochemical markers 
at 11-13 weeks. Fetal Diagnosis and 
Therapy. 2011;29(2):148-154

[18] Poon LC1, Karagiannis G, Stratieva 
V, Syngelaki A, Nicolaides KH. First-
trimester prediction of macrosomia. 
Fetal Diagnosis and Therapy. 
2011;29(2):139-147

[19] Baltaci V, Baltaci E. Genetic aspects 
of recurrent miscarriages. JSM Invitro 
Fertilization. 2016;1(1):1002

[20] Chabra S. Estimates of perinatal 
death: A global initiative! Journal of 
Perinatology. 2017;37:1248

[21] Rolnik DL, O’Gorman N, Roberge, 
et al. Early screening and prevention of 
preterm pre-eclampsia with aspirin: Time 
for clinical implementation. Ultrasound in 
Obstetrics & Gynecology. 2017;50:551-556

[22] Gregory ECW, MacDorman MF,  
Martin JA. Trends in Fetal and Perinatal 
Mortality in the United States, 2006-
2012. NCHS Data Brief, No 169. 
Hyattsville, MD: National Center for 
Health Statistics; 2014

[23] Ananth V, Keyes K, Wapner RJ.  
Pre-eclampsia rates in the United 
States, 1980-2010: Age-period-cohort 
analysis. British Medical Journal. 
2013;347:6564

[24] Ljubić A. Inverted pyramid of 
prenatal care—is it enough? Should 

it be—extended inverted pyramid of 
prenatal care?. Journal of Perinatal 
Medicine. 2017;46(7):716-720

[25] Mansouri-Attia N, Sandra O, Aubert 
J, Degrelle S, Everts RE, Giraud-Delville 
C, et al. Endometrium as an early 
sensor of in vitro embryo manipulation 
technologies. Proceedings of the National 
Academy of Sciences of the United States 
of America. 2009;106(14):5687-5692. 
DOI: 10.1073/pnas.0812722106

[26] Fleming TP et al. The embryo and 
its future. Biology of Reproduction. 
2004;71:1046-1054

[27] Price S, Nankervis A, Permezel M, 
Prendergast L, Sumithran P, Proietto J.  
Health consequences for mother and 
baby of substantial pre-conception 
weight loss in obese women: Study 
protocol for a randomized controlled 
trial. Trials. 2018;19(1):248. DOI: 
10.1186/s13063-018-2615-6

[28] Sinclair KD. Assisted reproductive 
technologies and pregnancy outcomes: 
Mechanistic insights from animal 
studies. Seminars in Reproductive 
Medicine. 2008;26:153-161

[29] Constant F et al. Large offspring or 
large placenta syndrome? Morphometric 
analysis of late gestation bovine 
placentomes from somatic nuclear 
transfer pregnancies complicated 
by hydroallantois. Biology of 
Reproduction. 2006;75:122-130

[30] Lazzari G et al. Cellular and 
molecular deviations in bovine in vitro-
produced embryos are related to the 
large offspring syndrome. Biology of 
Reproduction. 2002;67:767-775

[31] Casper RF, Yanushpolsky EH.  
Optimal endometrial preparation for 
frozen embryo transfer cycles: Window 
of implantation and progesterone 
support. Fertility and Sterility. 
2016;105(4):867-872



Induced Abortion and Spontaneous Early Pregnancy Loss - Focus on Management

12

[32] Urato AC, Norwitz ER. A guide 
towards pre-pregnancy management 
of defective implantation and 
placentation. Best Practice & Research: 
Clinical Obstetrics and Gynaecology. 
2011;25:367-387

[33] Shen MS, Wang CW, Chen CH, 
Tzeng CR. New horizon on successful 
management for a woman with repeated 
implantation failure due to unresponsive 
thin endometrium: Use of extended 
estrogen supplementation. Journal of 
Obstetrics and Gynaecology Research. 
2013;39(5):1092-1094

[34] Stephenson MD, Fluker MR.  
Treatment of repeated unexplained 
in vitro fertilization failure with 
intravenous immunoglobulin: A 
randomized, placebo-controlled 
Canadian trial. Fertility and Sterility. 
2000;74:1108-1113

[35] Stern C, Chamley L, Norris H, 
Hale L, Baker HW. A randomized, 
double-blind, placebo-controlled trial 
of heparin and aspirin for women with 
in vitro fertilization implantation failure 
and antiphospholipid or antinuclear 
antibodies. Fertility and Sterility. 
2003;80:376-383

[36] Boomsma CM, Keay SD, Macklon 
NS. Peri-implantation glucocorticoid 
administration for assisted 
reproductive technology cycles. 
Cochrane The Cochrane Database of 
Systematic Reviews. 2007 Article No: 
CD005996. DOI: 10.1002/14651858.
CD005996.pub3

[37] Gelbaya TA, Kyrgiou M, Li TC, 
Stern C, Nardo LG. Low-dose aspirin 
for in vitro fertilization: A systematic 
review and meta-analysis. Human 
Reproduction Update. 2007;13:357-364

[38] Mekinian A, Cohen J, Alijotas-
Reig J, et al. Unexplained recurrent 
miscarriage and recurrent 
implantation failure: Is there a place 
for immunomodulation? American 

Journal of Reproductive Immunology. 
2016;76(1):8-28

[39] Yu N, Zhang B, Xu M, et al. 
Intrauterine administration of 
autologous peripheral blood 
mononuclear cells(PBMCs) activated 
by HCG improves the implantation 
and pregnancy rates in patients 
with repeated implantation failure: 
A prospective randomized study. 
American Journal of Reproductive 
Immunology. 2016;76(3):212-216

[40] Kalantaridou SN, Zoumakis E, 
Makrigiannakis A, Godoy H, Chrousos 
GP. The role of corticotropin-releasing 
hormone in blastocyst implantation 
and early fetal immunotolerance. 
Hormone and Metabolic Research. 
2007;39(6):474-477

[41] Antonis M, Moncef B, Thomas V, 
Sami M, Sophia K, Timur G. Repeated 
implantation failure: A new potential 
treatment option. European Journal of 
Clinical Investigation. 2015;45:380-384. 
DOI: 10.1111/eci.12417

[42] Wurfel W. Treatment with 
granulocyte colony-stimulating factor 
in patients with repetitive implantation 
failures and/or recurrent spontaneous 
abortions. Journal of Reproductive 
Immunology. 2015;108:123-135

[43] Maleki-Hajiagha A, Razavi M, 
Rezaeinejad M, Rouholamin S, Almasi-
Hashiani A, Pirjani R, et al. Intrauterine 
administration of autologous peripheral 
blood mononuclear cells in patients 
with recurrent implantation failure: A 
systematic review and meta-analysis. 
Journal of Reproductive Immunology. 
2019;131:50-56

[44] Gleicher N, Vidali A, Barad DH.  
Successful treatment of unresponsive 
thin endometrium. Fertility and 
Sterility. 2011;95(6):2123

[45] Chang Y, Li J, Chen Y, et al. 
Autologous platelet-rich plasma 
promotes endometrial growth and 



13

Implantation and the Fetal Health
DOI: http://dx.doi.org/10.5772/intechopen.87016

improves pregnancy outcome during 
in vitro fertilization. International 
Journal of Clinical and Experimental 
Medicine. 2015;8(1):1286-1290

[46] Bos-Mikich A, Ferreira MO, de 
Oliveira R, Frantz N. Platelet-rich 
plasma or blood-derived products 
to improve endometrial receptivity? 
Journal of Assisted Reproduction and 
Genetics. 2019;36(4):613-620. DOI: 
10.1007/s10815-018-1386-z

[47] Sumarac-Dumanovic M, 
Apostolovic M, Janjetovic K, et al. 
Downregulation of autophagy gene 
expression in endometria from women 
with polycystic ovary syndrome. 
Molecular and Cellular Endocrinology. 
2016;440:116-124

[48] Farimani M, Poorolajal J, Rabiee S, 
Bahmanzadeh M. Successful pregnancy 
and live birth after intrauterine 
administration of autologous 
platelet-rich plasma in a woman with 
recurrent implantation failure: A 
case report. International Journal of 
Reproductive BioMedicine (Yazd). 
2017;15(12):803-806

[49] Kim H, Shin JE, Koo HS, Kwon H, 
Choi DH, Kim JH. Effect of autologous 
platelet-rich plasma treatment 
on refractory thin endometrium 
during the frozen embryo transfer 
cycle: A pilot study. Frontiers in 
Endocrinology (Lausanne). 2019;10:61. 
Published 2019 Feb 14. DOI: 10.3389/
fendo.2019.00061

[50] Ljubić A, Abazović D, Vučetić 
D, et al. Autologous ovarian in vitro 
activation with ultrasound-guided 
orthotopic re-transplantation (in 
press). American Journal of Clinical 
and Experimental Obstetrics and 
Gynecology. 2017;4(5):51-57

[51] Choi JY, Jo MW, Lee EY, Oh YK, 
Choi DS. The role of autophagy in 
human endometrium. Biology of 
Reproduction. 2012;86(3):70. DOI: 
10.1095/biolreprod.111.096206

[52] Schoolcraft WB, Fragouli E, 
Stevens J, Munne S, Katz-Jaffe MG, 
Wells D. Clinical application of 
comprehensive chromosomal screening 
at the blastocyst stage. Fertility and 
Sterility. 2010;94:1700-1706

[53] Jakubowicz DJ, Seppala M, 
Jakubowicz S, Rodriguez-Armas 
O, Rivas-Santiago A, Koistinen 
H, et al. Insulin reduction with 
metformin increases luteal phase 
serum glycodelin and insulin-like 
growth factor-binding protein 1 
concentrations and enhances uterine 
vascularity and blood flow in the 
polycystic ovary syndrome. The 
Journal of Clinical Endocrinology and 
Metabolism. 2001;86:1126-1133

[54] Palomba S, Russo T, Orio F Jr, Falbo 
A, Manguso F, Cascella T, et al. Uterine 
effects of metformin administration 
in anovulatory women with polycystic 
ovary syndrome. Human Reproduction. 
2006;21:457-465

[55] Bertram CE, Hanson MA. Prenatal 
programming of postnatal endocrine 
responses by glucocorticoids. 
Reproduction. 2002;124:459-467

[56] Lucifero D, Chaillet JR, Trasler 
JM. Potential significance of genomic 
imprinting defects for reproduction 
and assisted reproductive technology. 
Human Reproduction Update. 
2004;10:3-18

[57] Velazquez MA, Sun C, Fleming 
TP. Chapter 6—Parental nutrition and 
developmental origins of health and 
disease. In: Rosenfeld CS, editor. The 
Epigenome and Developmental Origins 
of Health and Disease. Academic 
Press, Elsevier; 2016. pp. 89-102. 
ISBN 9780128013830. DOI: 10.1016/
B978-0-12-801383-0.00006-2

[58] Senapati S, Wang F, Ord T, 
Coutifaris C, Feng R, Mainigi M.  
Superovulation alters the expression 
of endometrial genes critical to tissue 



Induced Abortion and Spontaneous Early Pregnancy Loss - Focus on Management

14

remodeling and placentation. Journal 
of Assisted Reproduction and Genetics. 
2018;35(10):1799-1808

[59] Pisarska MD, Chan JL, Lawrenson 
K, Gonzalez TL, Wang ET. Genetics 
and epigenetics of infertility and 
treatments on outcomes. The Journal of 
Clinical Endocrinology & Metabolism. 
2019;104(6):1871-1886. DOI: 10.1210/
jc.2018-01869

[60] Hajj N, Haaf T. Epigenetic 
disturbances in in vitro cultured 
gametes and embryos: Implications for 
human assisted reproduction. Fertility 
and Sterility. 2013;99(3):632-641

[61] Nelissen EC, Dumoulin JC, Daunay 
A, Evers JL, Tost J, van Montfoort 
AP. Placentas from pregnancies 
conceived by IVF/ICSI have a reduced 
DNA methylation level at the H19 
and MEST differentially methylated 
regions. Human Reproduction. 
2013;28(4):1117-1126

[62] Ghosh J, Coutifaris C, Sapienza C, 
Mainigi M. Global DNA methylation 
levels are altered by modifiable clinical 
manipulations in assisted reproductive 
technologies. Clinical Epigenetics. 
2017;9(1):14

[63] Schoolcraft WB, Treff NR, Stevens 
JM, Ferry K, Katz-Jaffe M, Scott RT Jr. 
Live birth outcome with trophectoderm 
biopsy, blastocyst vitrification, and 
single-nucleotide polymorphism 
microarray-based comprehensive 
chromosome screening in infertile 
patients. Fertility and Sterility. 
2011;96:638-640

[64] Bisignano A, Wells D, Harton G,  
Munne S. PGD and aneuploidy 
screening for 24 chromosomes: 
Advantages and disadvantages of 
competing platforms. Reproductive 
Biomedicine Online. 2011;23:677-685

[65] Wong CC, Loewke KE, Bossert NL,  
Behr B, De Jonge CJ, Baer TM, et al. 

Non-invasive imaging of human 
embryos before embryonic genome 
activation predicts development to the 
blastocyst stage. Nature Biotechnology. 
2010;28:1115-1121

[66] Kirkegaard K, Ahlstrom A, 
Ingerslev HJ, et al. Choosing the best 
embryo by time lapse versus standard 
morphology. Fertility and Sterility. 
2015;103:323-332

[67] Yang Z, Zhang J, Salem SA, et al. 
Selection of competent blastocysts 
for transfer by combining time-lapse 
monitoring and array CGH testing for 
patients undergoing preimplantation 
genetic screening: A prospective study 
with sibling oocytes. BMC Medical 
Genomics. 2014;7:38

[68] Armstrong S, Arroll N, Cree LM, 
et al. Time-lapse systems for embryo 
incubation and assessment in assisted 
reproduction. Cochrane Database of 
Systematic Reviews. 2015;2:CD011320

[69] Seli E, Robert C, Sirard MA. OMICS 
in assisted reproduction: Possibilities 
and pitfalls. Molecular Human 
Reproduction. 2010;16:513-530

[70] Menezo Y, Elder K, Benkhalifa 
S, Dale B. DNA methylation and 
gene expression in IVF. Reproductive 
Biomedicine Online. 2010;20:709-710

[71] Nagy ZP, Jones-Colon S, Roos 
P, Botros L, Greco E, Dasig J, et al. 
Metabolomic assessment of oocyte 
viability. Reproductive Biomedicine 
Online. 2009;18:219-225

[72] Tejera A, Herero J, de Los Santos 
MJ, Garrido N, Ramsing N, Meseguer 
M. Oxygen consumption is a quality 
marker for human oocyte competence 
conditioned by ovarian stimulation 
regimens. Fertility and Sterility. 
2011;96:618-623

[73] Evgeni E, Byron A. Human sperm 
DNA fragmentation and its correlation 



15

Implantation and the Fetal Health
DOI: http://dx.doi.org/10.5772/intechopen.87016

with conventional semen parameters. 
Journal of Reproduction & Infertility. 
2014;15(1):2-14

[74] Leach M, Aitken R, Sacks G. Sperm 
DNA fragmentation abnormalities in 
men from couples with a history of 
recurrent miscarriage. Australian and 
New Zealand Journal of Obstetrics and 
Gynaecology. 2015;55:379-373

[75] Gil M, Shalom V, Carreras S.  
Sperm selection using magnetic 
activated cell sorting (MACS) in 
assisted reproduction: A systematic 
review and meta-analysis. Journal of 
Assisted Reproduction and Genetics. 
2013;30(4):479-485

[76] Cheng Y, Feng Y, Jansson L, Sato Y,  
Deguchi M, Kawamura K, et al. Actin 
polymerization-enhancing drugs 
promote ovarian follicle growth 
mediated by the hippo signaling 
effector YAP. The FASEB Journal. 
2015;29(6):2423-2430

[77] Johnson J, Canning J, Kaneko 
T, Pru JK, Tilly JL. Germline stem 
cells and follicular renewal in the 
postnatal mammalian ovary. Nature. 
2004;428(6979):145-150

[78] Afifi N, Reyad O. Role of 
mesenchymal stem cell therapy in 
restoring ovarian function in a rat 
model of chemotherapy-induced 
ovarian failure: A histological and 
immunohistochemical study. The 
Egyptian Journal of Histology. 
2013;36:114-126

[79] Hayashi K, Ogushi S, Kurimoto K, 
et al. Offspring from oocytes derived 
from in vitro primordial germ cell–like 
cells in mice. Science. 2012;338:971-975

[80] Callejo J, Salvador S, González-
Nuñez S, et al. Live birth in a woman 
without ovaries after autograft of 
frozen-thawed ovarian tissue combined 
with growth factors. Journal of Ovarian 
Research. 2013;6:33-36

[81] Smeets HJM. Preventing the 
transmission of mitochondrial DNA 
disorders: Selecting the good guys or 
kicking out the bad guys. Reproductive 
BioMedicine Online. 2013;27:599-610

[82] Amato P, Tachibana M, Sparman 
M, Mitalipov S. Three-parent in vitro 
fertilization: Gene replacement for the 
prevention of inherited mitochondrial 
diseases. Fertility and Sterility. 
2014;101(1):31-35

[83] Mitalipov S, Wolf DP. Clinical and 
ethical implications of mitochondrial 
gene transfer. Trends in Endocrinology 
& Metabolism. 2014;25(1):5-7

[84] Kawamura K, Cheng Y, Suzuki N, 
et al. Hippo signaling disruption and 
Akt stimulation of ovarian follicles 
for infertility treatment. PNAS. 
2013;110(43):17474-17479


