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Abstract: In clinical practice, empirical treatments are often offered to couples with recurrent
pregnancy loss, including in vitro fertilization. Given that most patients with recurrent pregnancy
loss are fertile, the scientific rationale of in vitro fertilization for these couple is debatable. This review
will discuss the potential benefits of using in vitro fertilization in couples with recurrent pregnancy
loss, such as shortening the time to conceive, optimizing the timing of conception, improving gamete
and embryo quality, endometrial receptivity and the use of “adds-on”. At present, there is not enough
evidence to justify IVF as a treatment option in couples with unexplained recurrent pregnancy loss.
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1. Introduction

Recurrent pregnancy loss (RPL) is defined as two or more miscarriages, not necessarily consecutive,
and represents a significant health problem [1,2]. The prevalence of RPL is approximately 5% [2].
Potential causes of RPL are parental carriers of structural chromosome rearrangement, uterine anomalies,
endocrine disturbances and antiphospholipid antibodies. Nonetheless, even after comprehensive
evaluation, a cause for RPL is identified in less than 50% of couples [3]. In RPL, when no underlying
cause can be identified, empirical treatments are often offered, including assisted reproductive technique
(ART). Moreover, although most patients with RPL do not have fertility problems, they are commonly
treated by in-vitro fertilization (IVF) with a selection of adjunct treatments or ‘add-ons’, aiming
to improve their chance of a live birth. Other so called benefits are quoted to the patient such as
lessening the time to conceive, improving embryo quality, improvement of implantation, and improved
synchrony between endometrium and embryo. In this review, we will present the clinical evidence and
assess the benefit or lack of benefit of the various options offered in ART to unexplained RPL patients.

2. Subsequent Live Birth Rate

In unexplained RPL, the subsequent live birth rate is known to be dependent on certain factors.
Briefly, these include the number of previous live births, maternal age, genetic aberrations in the
previous pregnancy and whether the losses are early or late. Therefore, if IVF is used, the subsequent
live birth rate should be matched for all these prognostic confounders. A thorough literature search
could not reveal any publications on subsequent live birth rates of RPL patients undergoing IVF, that
matched patients according to the number of previous miscarriages, or any of the aforementioned
prognostic confounders.
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Another problem in assessing the live birth rate after IVF in RPL, is how to quote the live birth
rate. In RPL, the live birth rate is quoted as the number of live births per pregnancy. In IVF the clinical
pregnancy rate is often used as a measure of the treatment success per started cycle. In RPL, the clinical
pregnancy rate is meaningless, as RPL patients generally conceive easily. Even if the rate is quoted as
live births per cycle, the time lost in preparing for IVF will not be taken into account. If IVF is not used,
the patient may well conceive in the interval while planning for IVE.

Perfetto et al. [4] has quoted the subsequent live birth rate in 98 patients who conceived
spontaneously compared to 68 patients undergoing infertility treatment including ovulation induction,
intra-uterine insemination, or IVE and a third group undergoing preimplantation genetic testing for
aneuploidy (PGT-A). Eighty-eight percent of patients conceived within six months in the spontaneous
pregnancy group compared to 84% in the fertility treatment group and 70% in the PGT-A group. The
live birth rates were similar in all groups 77% and 73% and 70%, respectively (p = 1.0). The clinical
miscarriage rate and the biochemical pregnancy rate were also similar between the three groups:
18 and 6% in the spontaneous conception group, 16 and 11% in the IUI/IVF group and 13 and 9% in
the PGT-A group, respectively. However, it must be borne in mind that up to 33% of patients with RPL
do have periods when they fail to conceive [5]. Some of these patients will require IVE, but the IVF will
be for failure to conceive rather than RPL.

Hence, there is no data to support using empirical fertility treatment including IVF to improve the
live birth rate in RPL.

3. Time to Conceive

Previous studies have reported a longer mean interval to subsequent conception after a pregnancy
loss, compared to the time to conceive before a pregnancy loss [6,7]. The emotional impact of RPL
and the strong desire to conceive, as early as possible, have led patients and physicians to consider
fertility treatment, aiming at reducing the time interval to the next pregnancy. Kaandorp et al. [8]
assessed the time to conception in 251 women with unexplained RPL. In their study, time to conception
was calculated from the diagnosis of unexplained RPL until the first day of the menstrual cycle
in which conception occurred. The mean patients” age was 34 + 5 years, the median number of
preceding miscarriages was three (range 2-15), with a median gestational age of eight weeks (range
6-17). Thirteen percent of the study patients conceived with ART; although no separate analysis was
performed for this group. The cumulative incidence of conception was 56% after six months, 74%
after 12 months and 86% after 24 months, of which 65% resulted in a live birth. The median time to
subsequent conception was 21 weeks (inter quartile range of 8-55). According to the literature, cycle
fecundity in normal fertile couples is 20-30% and the cumulative fecundity is 85% and 93% after one
or two years, respectively [9,10]. Given that the mean patients’ age in the study by Kaandorp et al. [6]
was 34 years, the cumulative pregnancy rate observed in this study is similar to that reported for the
general population.

As was already shown above, Perffeto et al. compared the time to pregnancy, as well as the
miscarriage rate and subsequent live birth in fertile patients with RPL, who attempted to conceive
spontaneously, and those that opted to undergo fertility treatment [4]. In their study, 190 patients with
two or more clinical miscarriages were followed for a subsequent pregnancy for a minimum six months,
beginning after a complete work up investigation of RPL. Among the 98 patients who conceived
spontaneously, the median time to pregnancy was two months (range 1-10) and 88% conceived
within six months. The median time to pregnancy among the 68 women who conceived with fertility
treatment was significantly longer: three months (range 1-9) for controlled ovarian stimulation with
intra-uterine insemination (IUI), four months (range 1-12) with IVF and give months (range 2-10) for
PGT-A. In patients achieving pregnancy with fertility treatment, excluding PGT-A, 84% conceived
within six months. For patients conceiving with PGT-A, the time to conceive was significantly longer.
Only 70% conceived within six months. The authors concluded that in young fertile patients with RPL,
there does not appear to be a clinical benefit to using fertility treatment in order to reduce the time
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to subsequent pregnancy. Of notice, two differences between the Perffeto et al. study groups might
influence the study results and conclusions. The patients that attempted to conceive spontaneously
were slightly younger than the patients undergoing fertility treatment (34.5 vs. 35.6) and the subset of
women who used PGT-A were even older, with a mean age of 36.7 years. Although this difference was
not statistically significant (p = 0.12), it might have affected the time to pregnancy, as the conception
rate declines with advanced maternal age [11,12]. Moreover, women in the fertility treatment group
had a significantly longer median time to conceive in prior pregnancies (3 vs. 2 months). While time
to pregnancy seems to be similar across successive pregnancy attempts [13], it is possible that the
difference in time to pregnancy between the groups was due to a different fertility potential.

Murugappan et al. retrospectively compared the outcomes among patients with RPL intending to
pursue PGT-A and patients who were managed expectantly and attempted spontaneous conception
for an interval of six months [14]. All cycles of PGT-A were included, including cancelled cycles and
those that did not lead to embryo transfer. The median time to pregnancy was longer in the PGT-A
group (6.5 months) than that of the spontaneous conception group (3 months). Murugappan et al.
concluded that PGT-A should not be offered for patients who feel an urgency to conceive.

In fertile couples with unexplained RPL, it seems that there is no benefit in fertility treatment,
including IVF, in order to shorten the time to the next pregnancy.

4. Sperm Selection Techniques to Improve Sperm Quality

Until recently, the assessment and treatment of couples with RPL has been directed exclusively to
investigation of the female rather than the male partner. The herewith discussion will be limited to the
evidence that sperm selection can improve outcome when empirical IVF is used for RPL. Of notice, a
recent Cochrane review revealed uncertainty regarding the effect of sperm selection techniques on live
birth, miscarriage, or pregnancy [15].

It has been reported that the sperm of men with RPL have significantly reduced viability, with an
increased proportion of DNA damage when compared with fertile controls [16-18]. Sperm function
parameters such as hypo-osmotic swelling, acrosomal status and nuclear chromatin decondensation
have also been found to be reduced in the male partners of RPL couples compared to fertile males [19].
In conventional IVF, various sperm preparation techniques have been used, aiming to improve
the fertility potential. These techniques include semen washing, density gradient centrifugation,
swim up technique and electrophoretic sperm selection, followed by IVE. Another method for sperm
improvement selects non-apoptotic sperm, based on the presence of phosphatidylserine on the external
surface of the sperm membrane in the early stages of apoptosis. Magnetic activated cell sorting
and glass wool separation columns utilize the magnetic properties of phosphatidylserine to separate
apoptotic sperm from non-apoptotic sperm. However, none of these techniques have been reported to
improve the live birth rate in RPL.

Physiological intracytoplasmic sperm injection (PICSI) utilizes the presence of hyaluronic acid
(HA) binding sites on the sperm plasma membrane. HA binding sites indicate sperm maturity, and its
ability to attach the extracellular matrix of the cumulus oophorus. A recent Cochrane review aiming to
evaluate the impact of advanced sperm selection techniques on ART outcomes could not find sufficient
evidences to allow the review authors to determine whether sperm selected by surface charge, sperm
apoptosis or hyaluronic acid binding have any additive value over conventional selection [20]. No
difference was found between the methods in terms of live births, clinical pregnancy or miscarriage
rates. However, this meta-analysis was not restricted to RPL patients. A recent RCT [21], investigating
the efficacy of PICSI versus standard ICSI for improving livebirth rates among couples undergoing
fertility treatment could not demonstrate any significant advantage of PICSI over ICSI and they
therefore concluded that at present, the wider use of PICSI is not recommended.

Intracytoplasmic morphologically selected sperm injection (IMSI) is another technique to select
sperm for injection to the egg by examining the sperm organelles morphology, such as the acrosome,
postascrosomal lamina, neck, mitochondria, tail and nucleus (MSOME) using ultra-high magnification
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(>6000x) microscopy. Although initial reports have shown that IMSI is associated with a higher
pregnancy rate and lower miscarriage rate [22,23], both the effectiveness and safety of IMSI in clinical
practice remain unclear. A Cochrane review has found an increased clinical pregnancy rate using IMSI
compared to ICSI, although, there was no difference regarding the live birth rate or the miscarriage
rate [24].

In conclusion, although sperm selection techniques might improve sperm quality and overcome
potential male subfertility in RPL couples, the evidence is insufficient to recommend use in RPL.

5. Improved Embryo Quality

Women natural fecundity decreases gradually but significantly beginning approximately at age
32 years and decreases more rapidly after age 37 years. Similar trend has been observed when analyzing
data derived from IVF cycles. This age-related decline in fertility is accompanied by significant increases
in the rates of aneuploidy and spontaneous abortion [25].

5.1. Embryo Morphology

Embryo morphology is thought to be highly indicative of pregnancy outcome and therefore
morphological grading of the embryo may allow the selection of “the best” embryos for transfer. Over
the past decade, with the development of sequential culture media, there has been a steady shift in
practice to transfer day five or six embryos, at the blastocysts stage. The argument for blastocyst
transfer is that the blastocyst has undergone a self-selection process, in which only the most viable
embryos have survived and developed. A Cochrane review demonstrated a higher clinical pregnancy
and live birth rates in fresh blastocyst transfer compared to fresh cleavage stage embryo transfer. [26].
Again the meta-analysis was performed for infertile rather than RPL patients.

A large proportion of morphologically normal day three embryos are chromosomally abnormal.
Aneuploid embryos on day three often fail to reach the blastocyst stage [27,28]. Several studies have
investigated the relationship between morphology, euploidy and the implantation rate of cleavage
stage and blastocyst stage embryos. Majumdar et al., in their retrospective analysis, have demonstrated
that blastocyst morphology and the rate of development were significantly associated with euploidy,
whereas cleavage stage morphology was not. Nonetheless, implantation rates were similar for all
transferred euploid blastocysts, irrespective of their morphology or their rate of development [28].
Similarly, Capalbo et al. found a correlation between blastocyst morphology and euploidy, although
the implantation potential of euploid embryos was similar despite different morphologies and
development rates [29]. The association between blastocyst morphology and aneuploidy explains
the higher implantation potential of good quality embryos reported during conventional IVF cycles.
However, the commonly used parameters of blastocyst evaluation are not good indicators to improve
the selection of euploid embryos.

In conclusion, when IVF treatment is used for selecting high quality embryos, blastocyst
morphology can be used to slightly reduce the risk of transferring aneuploid embryos. Nonetheless,
in the absence of studies evaluating this potential advantage in women with RPL, we cannot recommend
its use.

5.2. Time-Lapse System Embryoscopy

Traditionally, embryo assessment has involved removing embryos from a conventional incubator
for quality assessment by an embryologist, under a light microscope. Recently, time-lapse systems
(TLS) have been developed which can take digital images of embryos at frequent time intervals. Hence,
the quality of the embryos can be assessed without physical removal from the incubator. The potential
advantages of TLS include maintenance of a stable culture environment, limiting the exposure of
embryos to changes in gas composition, temperature and movement. TLS has the potential advantage
of improving embryo selection for ART treatment by utilizing additional information gained through
continuously monitoring embryo development.



J. Clin. Med. 2019, 8, 2001 50f11

Although the clinical value of TLS has been validated in some studies [30,31], literature reviews
have provided controversial data, leading to ongoing debate. A Cochrane review and a recent
meta-analysis studied the advantage of TLS embryonal assessment versus conventional embryonal
incubation and assessment [32,33]. No difference was found between the two interventions in terms
of live birth or miscarriage rates. Another review, evaluated the association between morphokinetic
parameters and embryo ploidy to evaluate whether TLS can replace PGT-A [34]. No single or combined
morphokinetic parameter was consistently identified as predictive of embryonic euploidy.

Currently there is insufficient evidence that TLS is superior to conventional methods for human
embryo incubation and selection or prediction of embryonic euploidy. Although maximizing embryonal
quality might improve pregnancy outcome in couples with RPL, TLS during IVF cannot currently
be recommended.

5.3. Preimplantation Genetic Testing-Aneuploidy (PGT-A)

A large majority of early pregnancy losses are the consequence of chromosomal abnormalities
of the conceptus [2]. If performed correctly, genetic analysis of products of conception, therefore,
offers important information about potential causes of pregnancy loss and assists in the planning
of appropriate investigations and treatment. PGT-A currently utilizes trophectoderm biopsy and
next-generation sequencing (NGS) in an attempt to detect embryonic aneuploidy in a trophectoderm
biopsy obtained at the blastocyst-stage. The current version of PGT-A is claimed to have significantly
improved our ability to accurately diagnose embryonic aneuploidies without compromising the
embryo’s implantation potential.

Within this context, the European Society of Human Reproduction and Embryology (ESHRE)
recently published a new guideline on RPL [2], in which PGT for monogenic/single gene defects (PGT-M)
or chromosomal structural rearrangements (PGT-SR) were described as established alternatives to
invasive prenatal diagnosis and might avoid pregnancy termination in couples with a high risk of
transmitting genetic disorders. Importantly, the ESHRE guideline made no recommendation for any
form of PGT in couples with unexplained RPL without known chromosomal abnormalities. PGT-A,
therefore, is not indicated in couples with unexplained RPL according to the ESHRE guideline.

Starting in 2015, the clinical utility of PGT-A faced increasing scrutiny [35], and cases reporting on
patients experiencing spontaneous miscarriages after PGT-A, in which chromosomal reassessment was
found to be aneuploid, raising the specter of false-negative TEBs [36]. At the same time, concerns about
false-positive TEBs arose in relative good prognosis patients, who repeatedly underwent IVF cycles
without ever reaching embryo transfers because all embryos were reported as aneuploid. Suspicion
that false-positive embryos were erroneously labeled as aneuploid, led to the transfer of such embryos,
resulting in a surprisingly high number of normal live birth and a surprisingly low miscarriage
rates [37]. Further evidence for inaccurate diagnoses in cases of TE mosaicism came from studies of
multiple TEB biopsies in the same embryos, demonstrating up to 50% divergence between biopsies
of the same embryos in the same laboratories, and up to approximately 80% divergence between
multiple biopsies in different laboratories [37-40]. Moreover, while several studies claimed improved
clinical IVF outcomes following PGT-A [41], others scrutinized those studies as being severely biased,
uniformly reporting IVF outcomes only with regard to embryo transfers in first fresh IVF cycles,
instead of looking at outcome which should be based on intention to treat analyses and includes
total reproductive potential for each initiated IVF cycle. Of interest are the results of a recent RCT,
which included patients age 25-40 years with at least two blastocysts of sufficient quality for biopsy
and vitrification (again, patients were not randomized per started cycle), randomized to PGT-A or
morphology alone. In this study, ongoing pregnancy rate was equivalent between the two arms, with
no significant difference per embryo transfer (50% vs. 46%) or per intention to treat at randomization
(41.8% vs. 43.5%). Moreover, miscarriage rates per transfer were 10%, regardless of maternal age in
both the PGT-A arm and the control arm [42].
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Moreover, due to the lack of properly conducted prospective clinical trials, a theoretical model
was published for PGT-A. The theoretical model, relied on evidence- based data in the literature on
blastulation and aneuploidy rates, the rate of mosaicism, technical errors and implantation/live birth
rates of PGT-A and non- PGT-A cycles at cleavage and blastocyst stage [43]. The model clearly revealed
the highest LBRs in patients not undergoing PGT-A (21.4-50%), while patients undergoing PGT-A
blastocysts transfers achieved the lowest LBR (7.6-12.6%).

In a systematic review on PGT-A for unexplained RPL patients, Musters et al. [44] concluded that
there is no improvement in the live birth rate with PGT-A. Of notice, the included studies were of
small sample sizes, with different end-points, and used FISH. In a recently published study, comparing
PGT-A and expectant management (EM), Murugappan et al. [14] reported similar pregnancy, live birth
and clinical miscarriage rates at PGT-A or expectant management, with a shorter time to pregnancy
(3.0 vs. 6.5 months) in the patients managed expectantly. Moreover, Murugappan et al. did not find
PGT-A a cost-effective strategy for increasing live births [45].

Based on the above observations, the previously referred to new ESHRE guideline [2] made no
recommendation with regard to the use of PGT-A in patients with unexplained RPL. The ESHRE
guideline mentioned the study by Shahine et al. [46], reporting that in couples with unexplained RPL
with diminished ovarian reserve, there was a higher percentage of aneuploidy in blastocysts, and more
initiated IVF cycles with no embryo transfers. Hence, Shahine et al.’s study clearly contradicts the use
of PGT-A in unexplained RPL.

To date, not a single study in the literature has suggested improved live-birth rates in RPL patients
after PGT-A. Moreover, it appears increasingly obvious, that the basic biology of the preimplantation
human embryo, simply, does not support the PGS-hypothesis. It is therefore becoming increasingly
difficult to expect any benefit from PGT-A.

6. Improving Implantation

6.1. Assisted Hatching

Assisted hatching (AH) is a manipulation of the zona pellucida in order to facilitate implantation.
AH involves thinning the coat surrounding a fertilized egg, or making a hole in it. A variety of
techniques have been employed to assist embryo hatching, including partial mechanical zona dissection,
zona drilling and zona thinning, making use of acid tyrodes, proteinases, piezon vibrator manipulators
and lasers [47]. Harper et al. reviewed the literature evaluating the effect of AH on IVF treatment and
concluded that it increases clinical pregnancy and multiple pregnancy rates, but not live birth rate [31].

Since no single study has been able to demonstrate sufficient evidence of a benefit in the live birth
rate of AH in RPL, we cannot recommend use.

6.2. Biologic Glue

In an attempt to increase the success rate of IVF, various compounds have been added to the
embryo transfer medium in order to improve adherence and subsequent implantation and pregnancy
rates. Glycoprotein hyaluronan (HA) forms a viscous solution, that might enhance the embryo
transfer process and prohibit expulsion, or it may facilitate diffusion and integration of the embryos
in the viscous solution that characterizes intrauterine secreted fluid [48]. The contribution of HA
to implantation may also be receptor mediated, as the primary receptor for HA is CD44, which is
expressed both on the preimplantation embryo and on the endometrial stroma [49]. A Cochrane
review of 17 randomized control trials (RCT), aiming to evaluate the supplementation of HA to embryo
transfer medium, demonstrated an improvement in clinical pregnancy and live birth rates, with
an associated increase in the multiple pregnancy rate [50]. However, a more recent RCT found no
significant difference in clinical pregnancy, implantation or delivery rate between the HA group and
the control group [51].
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The use of HA in RPL couples might potentially improve implantation and ongoing pregnancy
rate. However, before conclusion can be drawn, RCTs are needed to evaluate efficacy in RPL patients.

7. The Window of Implantation-Improving Synchronization

Timing of conception in relation to ovulation may affect the spontaneous miscarriage rate. Previous
studies have suggested that prolonged exposure of the gametes to the female reproductive tract may
have a devastating effect on the ongoing pregnancy rate. Furthermore, aging of both spermatozoa
and ova before fertilization was accompanied by a higher probability of miscarriage [52,53]. Gray
et al. assessed the effect of timing of conception on the risk of miscarriage in women conceiving
naturally [54]. Conception on the day of ovulation or the day preceding ovulation was considered
optimal. Among patients who had miscarried in a prior pregnancy, the incidence of miscarriage was
significantly higher in the index pregnancy with non-optimally timed conceptions (22.6%), as compared
with optimally timed conceptions (7.3%). This association was not observed among women with
no history of pregnancy loss. Likewise, studies that assessed the optimal time of conception among
women with no history of miscarriage reported no increased risk of miscarriage following conception
remote from the day of ovulation [55,56]. The authors postulated that some couples are predisposed to
genetic abnormalities in the gametes if fertilization does not occur at the optimal time of the cycle.

Synchronization between embryonic development and endometrial decidualization is essential
for adequate implantation. The window of implantation (WOI) is a temporally restricted phase that is
multifactorial, during which changes occur at the molecular, cellular and tissue levels. It is assumed
that the endometrial WOI begins on cycle days 19 or 20 of an idealized 28 days cycle and lasts for 4 to
5 days [57]. Wilcox et al. studied the relation between the time of implantation and the outcome of
pregnancy in couples with no history of fertility problem trying to naturally conceive [58]. They found
that in most successful human pregnancies, the conceptus implanted 8 to 10 days after ovulation and
later implantation, i.e., beyond the normal period of endometrial implantation, is strongly associated
with increased early pregnancy loss.

Noyes et al., were the first to assess the uterine receptivity timeline and defined a series of
morphological criteria, to date the endometrium [59]. RPL has been reported to be associated with
retarded endometrial development in the peri-implantation period, known as the luteal phase defect
(LPD). A maturation delay has been described in 17-28% of patients with RPL [60,61]. RPL has also
been associated with abnormal endometrial expression of various mediators and metabolic factors in
the secretory and peri-implantation phases [62,63].

ART might be justified in patients with RPL, in order to avoid non-optimal timing of intercourse
or conception. Moreover, assessing the endometrium in the cycle prior to embryo transfer might
enhance synchronization and evaluate the quality of endometrial receptivity. In the past, Noyes et al.’s
histologic criteria have been the gold standard for evaluating endometrial development and receptivity.
However, histologic dating is prone to intra- and inter-observer variability and tissue fixation artefacts.
In a search for an accurate method to evaluate endometrial receptivity, many structural characteristics
and molecules have been studied, including ultrasonographic measurement of endometrial thickness,
structural examination by electron microscopy, immunological markers, steroid hormones and
receptors and protein expression profiles [57,64]. A new approach to assess endometrial function is the
endometrial receptivity array (ERA) test, based on analysis of expression of 238 genes that are found to
be involved in the receptivity of the endometrium [65]. The value of the ERA test is controversial with
some studies supporting the utility and accuracy of the ERA test and some have not [66-69]. However,
no report has assessed its role in patients with RPL.

8. Conclusions

Although subfertility is not a problem in most couples with RPL, ART is often advised in RPL
couples. However, scientific evidence is lacking. Patients might be interested in IVF in order to shorten
time to conceive, but to date, IVF has not shown any benefit regarding the time to conceive.
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Embryo quality has a significant role in the success of an ART cycle. ART includes methods to
improve gametes and embryo quality, such as sperm selection, PGT-A and morphologic evaluation.
Although maximizing embryonal quality might improve the pregnancy outcome in couples with RPL,
further adequately powered studies are needed to assess the results.

An abnormal endometrial microenvironment and changes in the functional expression of
endometrial genes and protein might contribute to an abnormal embryonal-maternal interaction,
resulting in pregnancy failure. Endometrial sampling for assessing endometrial receptivity and
accurately timed embryonal transfer might improve this embryonal-maternal interaction. Nonetheless,
due to the lack of studies investigating these methods in RPL patients, IVF cannot be recommended for
this purpose.

Furthermore, several “adds on” to IVF treatment, including assisted hatching, biologic glue and
immunologic therapy have also been suggested to improve implantation and live birth rates. Since
their efficacy is controversial, these cannot be currently recommended.

In conclusion, ART, without secondary subfertility, cannot be supported as a treatment intervention
for couples with unexplained RPL, because of the lack of adequate clinical studies. Further research and
review into the underlying etiology of RPL, including studies assessing IVF success in RPL patients are
required. These may help to clarify the proper approach to RPL patients and to aid fertility specialists
and their patients in the decision-making process.

Author Contributions: Both authors were actively involved in conceptualization; writing—original draft
preparation, reviewing and editing the final draft.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Practice Committee of the American Society for Reproductive Medicine. Evaluation and treatment of
recurrent pregnancy loss: A committee opinion. Fertil. Steril. 2012, 98, 1103-1111. [CrossRef] [PubMed]

2. Goddijn, M.; Christiansen, O.B.; Elson, J. Recurrent Pregnancy Loss. Guideline of the European Society
of Human Reproduction and Embryology. Available online: https://www.eshre.eu/Guidelines-and-Legal/
Guidelines/Recurrent-pregnancy-loss (accessed on 1 October 2019).

3. Bender Atik, R; Christiansen, O.B.; Elson, J.; Kolte, A.M.; Lewis, S.; Middeldorp, S.; Nelen, W.; Peramo, B.;
Quenby, S.; Vermeulen, N.; et al. ESHRE guideline: Recurrent pregnancy loss. Hum. Reprod. Open 2018.
[CrossRef]

4. Perfetto, C.O.; Murugappan, G.; Lathi, R.B. Time to next pregnancy in spontaneous pregnancies versus
treatment cycles in fertile patients with recurrent pregnancy loss. Fertil. Res. Pract. 2015, 1, 5. [CrossRef]
[PubMed]

5. (lifford, K;; Rai, R.; Regan, L. Future pregnancy outcome in unexplained recurrent first trimester miscarriage.
Hum. Reprod. 1997, 12, 387-389. [CrossRef]

6.  Hassan, M.A.M;; Killick, S.R. Is previous aberrant reproductive outcome predictive of subsequently reduced
fecundity? Hum. Reprod. 2005, 20, 657-664. [CrossRef]

7. Sapra,K]J.; McLain, A.C.; Maisog, ].M.; Sundaram, R.; Buck Louis, G.M. Successive time to pregnancy among
women experiencing pregnancy loss. Hum. Reprod. 2014, 29, 2553-2559. [CrossRef]

8.  Kaandorp, S.P; van Mens, T.E.; Middeldorp, S.; Hutten, B.A.; Hof, M.H.P,; van der Post, ].A.M.; van der
Veen, F.; Goddijn, M. Time to conception and time to live birth in women with unexplained recurrent
miscarriage. Hum. Reprod. 2014, 29, 1146-1152. [CrossRef]

9.  Gnoth, C.; Godehardt, D.; Godehardt, E.; Frank-Herrmann, P; Freundl, G. Time to pregnancy: Results of the
German prospective study and impact on the management of infertility. Hum. Reprod. 2003, 18, 1959-1966.
[CrossRef]

10. Van Eekelen, R.; Scholten, L; Tjon-Kon-Fat, R.I.; Van Der Steeg, ].W.; Steures, P.; Hompes, P.; Van Wely, M.;
Van Der Veen, F.; Mol, B.W.; Eijkemans, M.].; et al. Natural conception: Repeated predictions overtime. Hurm.
Reprod. 2017, 32, 346-353. [CrossRef]


http://dx.doi.org/10.1016/j.fertnstert.2012.06.048
http://www.ncbi.nlm.nih.gov/pubmed/22835448
https://www.eshre.eu/Guidelines-and-Legal/Guidelines/Recurrent-pregnancy-loss
https://www.eshre.eu/Guidelines-and-Legal/Guidelines/Recurrent-pregnancy-loss
http://dx.doi.org/10.1093/hropen/hoy004
http://dx.doi.org/10.1186/2054-7099-1-5
http://www.ncbi.nlm.nih.gov/pubmed/28620510
http://dx.doi.org/10.1093/humrep/12.2.387
http://dx.doi.org/10.1093/humrep/deh670
http://dx.doi.org/10.1093/humrep/deu216
http://dx.doi.org/10.1093/humrep/deu052
http://dx.doi.org/10.1093/humrep/deg366
http://dx.doi.org/10.1093/humrep/dew309

J. Clin. Med. 2019, 8, 2001 9of11

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Steiner, A.Z.; Jukic, AM.Z. Impact of female age and nulligravidity on fecundity in an older reproductive
age cohort. Fertil. Steril. 2016, 105, 1584-1588. [CrossRef]

Frank, O.; Bianchi, P.G.; Campana, A. The End of Fertility: Age, Fecundity and Fecundability in Women.
J. Biosoc. Sci. 1994, 26, 349-368. [CrossRef] [PubMed]

Basso, O.; Olsen, J.; Bisanti, L.; Bolumar, F.; Kuppers-Chinnow, M.; Juul, S.; Karmaus, W.; Fletcher, T.;
Figa-Talamanca, I.; Thonneau, P; et al. Repeating episodes of low fecundability. A multicentre European
study. Hum. Reprod. 1997, 12, 1448-1453. [CrossRef] [PubMed]

Murugappan, G.; Shahine, L.K.; Perfetto, C.O.; Hickok, L.R.; Lathi, R.B. Intent to treat analysis of in vitro
fertilization and preimplantation genetic screening versus expectant management in patients with recurrent
pregnancy loss. Hum. Reprod. 2016, 31, 1668-1674. [CrossRef] [PubMed]

Lepine, S.; McDowell, S.; Searle, L.M.; Kroon, B.; Glujovsky, D.; Yazdani, A. Advanced sperm selection
techniques for assisted reproduction. Cochrane Database Syst. Rev. 2019, 30, 1469-1493. [CrossRef] [PubMed]
Ruixue, W.; Hongli, Z.; Zhihong, Z.; Rulin, D.; Dongfeng, G.; Ruizhi, L. The impact of semen quality,
occupational exposure to environmental factors and lifestyle on recurrent pregnancy loss. J. Assist. Reprod.
Genet. 2013, 30, 1513-1518. [CrossRef] [PubMed]

Gil-Villa, A.M.; Cardona-Maya, W.; Agarwal, A.; Sharma, R.; Cadavid, A. Assessment of sperm factors
possibly involved in early recurrent pregnancy loss. Fertil. Steril. 2010, 94, 1465-1472. [CrossRef] [PubMed]
Brahem, S.; Mehdi, M.; Landolsi, H.; Mougou, S.; Elghezal, H.; Saad, A. Semen parameters and sperm DNA
fragmentation as causes of recurrent pregnancy loss. Urology 2011, 78, 792-796. [CrossRef]

Saxena, P; Misro, M.M.; Chaki, S.P; Chopra, K.; Roy, S.; Nandan, D. Is abnormal sperm function an indicator
among couples with recurrent pregnancy loss? Fertil. Steril. 2008, 90, 1854-1858. [CrossRef]

Mecdowell, S.; Kroon, B.; Ford, E.; Hook, Y.; Yazdani, A.; Glujovsky, D. Advanced sperm selection techniques
for assisted reproduction. Cochrane Database Syst. Rev. 2013. [CrossRef]

Miller, D.; Pavitt, S.; Sharma, V.; Forbes, G.; Hooper, R.; Bhattacharya, S.; Kirkman-Brown, ].; Coomarasamy, A.;
Lewis, S.; Cutting, R.; et al. Physiological, hyaluronan-selected intracytoplasmic sperm injection for infertility
treatment (HABSelect): A parallel, two-group, randomised trial. Lancet 2019, 393, 416-422. [CrossRef]
Bartoov, B.; Berkovitz, A.; Eltes, F.; Kogosovsky, A.; Yagoda, A.; Lederman, H.; Artzi, S.; Gross, M.; Barak, Y.
Pregnancy rates are higher with intracytoplasmic morphologically selected sperm injection than with
conventional intracytoplasmic injection. Fertil. Steril. 2003, 80, 1413-1419. [CrossRef] [PubMed]

Berkovitz, A.; Eltes, E; Yaari, S.; Katz, N.; Barr, I; Fishman, A.; Bartoov, B. The morphological normalcy of
the sperm nucleus and pregnancy rate of intracytoplasmic injection with morphologically selected sperm.
Hum. Reprod. 2005, 20, 185-190. [CrossRef] [PubMed]

Teixeira, D.M.; Barbosa, M.A.P,; Ferriani, R.A.; Navarro, P.A.; Raine-Fenning, N.; Nastri, C.O.; Martins, W.P.
Regular (ICSI) versus ultra-high magnification (IMSI) sperm selection for assisted reproduction. Cochrane
Database Syst. Rev. 2013. [CrossRef] [PubMed]

American College of Obstetricians and Gynecologists Committee on Gynecologic Practice and Practice
Committee. Female age-related fertility decline. Committee Opinion No. 589. Fertil Steril. 2014, 101, 633-634.
[CrossRef]

Glujovsky, D.; Farquhar, C.; Quinteiro Retamar, A.M.; Alvarez Sedo, C.R.; Blake, D. Cleavage stage versus
blastocyst stage embryo transfer in assisted reproductive technology. Cochrane Database Syst. Rev. 2016.
[CrossRef]

Staessen, C.; Platteau, P.; Van Assche, E.; Michiels, A.; Tournaye, H.; Camus, M.; Devroey, P; Liebaers, I.; van
Steirteghem, A. Comparison of blastocyst transfer with or without preimplantation genetic diagnosis for
aneuploidy screening in couples with advanced maternal age: A prospective randomized controlled trial.
Hum. Reprod. 2004, 19, 2849-2858. [CrossRef]

Majumdar, G.; Majumdar, A.; Verma, I.C.; Upadhyaya, K.C. Relationship Between Morphology, Euploidy
and Implantation Potential of Cleavage and Blastocyst Stage Embryos. J. Hum. Reprod. Sci. 2017, 10, 49-57.
Capalbo, A.; Rienzi, L.; Cimadomo, D.; Maggiulli, R.; Elliott, T.; Wright, G.; Nagy, Z.P.; Ubaldi, EM.
Correlation between standard blastocyst morphology, euploidy and implantation: An observational study in
two centers involving 956 screened blastocysts. Hum. Reprod. 2014, 29, 1173-1181. [CrossRef]

Rubio, I; Galan, A.; Larreategui, Z.; Ayerdi, F.; Bellver, J.; Herrero, J.; Meseguer, M. Clinical validation of
embryo culture and selection by morphokinetic analysis: A randomized, controlled trial of the EmbryoScope.
Fertil. Steril. 2014, 102, 1287-1294. [CrossRef]


http://dx.doi.org/10.1016/j.fertnstert.2016.02.028
http://dx.doi.org/10.1017/S002193200002143X
http://www.ncbi.nlm.nih.gov/pubmed/7929483
http://dx.doi.org/10.1093/humrep/12.7.1448
http://www.ncbi.nlm.nih.gov/pubmed/9262276
http://dx.doi.org/10.1093/humrep/dew135
http://www.ncbi.nlm.nih.gov/pubmed/27278003
http://dx.doi.org/10.1002/14651858.CD010461.pub3
http://www.ncbi.nlm.nih.gov/pubmed/31425620
http://dx.doi.org/10.1007/s10815-013-0091-1
http://www.ncbi.nlm.nih.gov/pubmed/24046023
http://dx.doi.org/10.1016/j.fertnstert.2009.05.042
http://www.ncbi.nlm.nih.gov/pubmed/19540481
http://dx.doi.org/10.1016/j.urology.2011.05.049
http://dx.doi.org/10.1016/j.fertnstert.2007.09.031
http://dx.doi.org/10.1002/14651858.CD010461
http://dx.doi.org/10.1016/S0140-6736(18)32989-1
http://dx.doi.org/10.1016/j.fertnstert.2003.05.016
http://www.ncbi.nlm.nih.gov/pubmed/14667877
http://dx.doi.org/10.1093/humrep/deh545
http://www.ncbi.nlm.nih.gov/pubmed/15471930
http://dx.doi.org/10.1002/14651858.CD010167.pub2
http://www.ncbi.nlm.nih.gov/pubmed/23884963
http://dx.doi.org/10.1016/j.fertnstert.2013.12.032
http://dx.doi.org/10.1002/14651858.CD002118.pub5
http://dx.doi.org/10.1093/humrep/deh536
http://dx.doi.org/10.1093/humrep/deu033
http://dx.doi.org/10.1016/j.fertnstert.2014.07.738

J. Clin. Med. 2019, 8, 2001 10 of 11

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Harper, J.; Jackson, E.; Sermon, K.; Aitken, R.J.; Harbottle, S.; Mocanu, E.; Hardarson, T.; Mathur, R.; Viville, S.;
Vail, A,; et al. Adjuncts in the IVF laboratory: Where is the evidence for “add-on” interventions? Humi.
Reprod. 2017, 32, 485-491. [CrossRef]

Armstrong, S.; Bhide, P; Jordan, V.; Pacey, A.; Farquhar, C. Time-lapse systems for embryo incubation and
assessment in assisted reproduction. Cochrane Database Syst. Rev. 2018. [CrossRef] [PubMed]

Chen, M.; Wei, S.; Hu, J.; Yuan, J.; Liu, F. Does time-lapse imaging have favorable results for embryo incubation
and selection compared with conventional methods in clinical in vitro fertilization? A meta-analysis and
systematic review of randomized controlled trials. PLoS ONE 2017, 12, e0178720. [CrossRef] [PubMed]
Reignier, A.; Lammers, ].; Barriere, P.; Freour, T. Can time-lapse parameters predict embryo ploidy?
A systematic review. Reprod. Biomed. Online 2018, 36, 380-387. [CrossRef] [PubMed]

Gleicher, N.; Kushnir, V.A.; Barad, D.H. The impact of patient preselection on reported IVF outcomes. J. Assist.
Reprod. Genet. 2016, 33, 455-459. [CrossRef] [PubMed]

Maxwell, S.M.; Colls, P.; Hodes-Wertz, B.; McCulloh, D.H.; McCaffrey, C.; Wells, D.; Munné, S.; Grifo, J.A.
Why do euploid embryos miscarry? A case-control study comparing the rate of aneuploidy within presumed
euploid embryos that resulted in miscarriage or live birth using next-generation sequencing. Fertil. Steril.
2016, 106, 1414-1419. [CrossRef]

Gleicher, N.; Vidali, A.; Braverman, J.; Kushnir, V.A; Barad, D.H.; Hudson, C.; Wu, Y.G.; Wang, Q.; Zhang, L.;
Albertini, D.F. Accuracy of preimplantation genetic screening (PGS) is compromised by degree of mosaicism
of human embryos. Reprod. Biol. Endocrinol. 2016, 373, 2089-2090. [CrossRef] [PubMed]

Greco, E.; Minasi, M.G.; Fiorentino, F. Healthy babies after intrauterine transfer of mosaic aneuploid
blastocysts. N. Engl. J. Med. 2015, 373, 2089-2090. [CrossRef]

Tortoriello, D.V.; Dayal, M.; Beyhan, Z.; Yakut, T.; Keskintepe, L. Reanalysis of human blastocysts with
different molecular genetic screening platforms reveals significant discordance in ploidy status. J. Assist.
Reprod. Genet. 2016, 33, 1467-1471. [CrossRef]

Orvieto, R.; Shuly, Y.; Brengauz, M.; Feldman, B. Should pre-implantation genetic screening be implemented
to routine clinical practice? Gynecol. Endocrinol. 2016, 32, 506-508. [CrossRef]

Dahdouh, E.M.; Balayla, J.; Garcia-Velasco, J.A. Comprehensive chromosome screening improves embryo
selection: A meta-analysis. Fertil. Steril. 2015, 104, 1503-1512. [CrossRef]

Munné, S.; Kaplan, B.; Frattarelli, J.L.; Child, T.; Nakhuda, G.; Shamma, EN.; Silverberg, K.; Kalista, T.;
Handyside, A.H.; Katz-Jaffe, M.; et al. Preimplantation genetic testing for aneuploidy versus morphology
as selection criteria for single frozen-thawed embryo transfer in good-prognosis patients: A multicenter
randomized clinical trial. Fertil. Steril. 2019, in press.

Orvieto, R. Preimplantation genetic screening—The required RCT that has not yet been carried out. Reprod.
Biol. Endocrinol. 2016, 14, 35. [CrossRef] [PubMed]

Musters, A.M.; Repping, S.; Korevaar, ].C.; Mastenbroek, S.; Limpens, J.; Van Der Veen, F.; Goddijn, M.
Pregnancy outcome after preimplantation genetic screening or natural conception in couples with unexplained
recurrent miscarriage: A systematic review of the best available evidence. Fertil. Steril. 2011, 95, 2153-2157.
[CrossRef] [PubMed]

Murugappan, G.; Ohno, M.S.; Lathi, R.B. Cost-effectiveness analysis of preimplantation genetic screening
and in vitro fertilization versus expectant management in patients with unexplained recurrent pregnancy
loss. Fertil. Steril. 2015, 103, 1215-1220. [CrossRef]

Shahine, L.K.; Marshall, L.; Lamb, J.D.; Hickok, L.R. Higher rates of aneuploidy in blastocysts and higher
risk of no embryo transfer in recurrent pregnancy loss patients with diminished ovarian reserve undergoing
in vitro fertilization. Fertil. Steril. 2016, 106, 1124-1128. [CrossRef]

Practice Committee of the Society for Assisted Reproductive Technology, Practice Committee of the American
Society for Reproductive Medicine. The role of assisted hatching in in vitro fertilization: A review of the
literature. A Committee opinion. Fertil. Steril. 2008, 90, 196-198. [CrossRef]

Simon, A.; Safran, A.; Revel, A.; Aizenman, E.; Reubinoff, B.; Porat-Katz, A.; Lewin, A.; Laufer, N. Hyaluronic
acid can successfully replace albumin as the sole macromolecule in a human embryo transfer medium. Fertil.
Steril. 2003, 79, 1434-1438. [CrossRef]

Campbell, S.; Swann, H.R.; Aplin, J.D,; Seif, M.W.; Kimber, S.J.; Elstein, M. Fertilization and early embryology:
CD44 is expressed throughout pre-implantation human embryo development. Hum. Reprod. 1995, 10,
425-430. [CrossRef]


http://dx.doi.org/10.1093/humrep/dex004
http://dx.doi.org/10.1002/14651858.CD011320.pub3
http://www.ncbi.nlm.nih.gov/pubmed/29800485
http://dx.doi.org/10.1371/journal.pone.0178720
http://www.ncbi.nlm.nih.gov/pubmed/28570713
http://dx.doi.org/10.1016/j.rbmo.2018.01.001
http://www.ncbi.nlm.nih.gov/pubmed/29398421
http://dx.doi.org/10.1007/s10815-016-0673-9
http://www.ncbi.nlm.nih.gov/pubmed/26861966
http://dx.doi.org/10.1016/j.fertnstert.2016.08.017
http://dx.doi.org/10.1186/s12958-016-0193-6
http://www.ncbi.nlm.nih.gov/pubmed/27595768
http://dx.doi.org/10.1056/NEJMc1500421
http://dx.doi.org/10.1007/s10815-016-0766-5
http://dx.doi.org/10.3109/09513590.2016.1142962
http://dx.doi.org/10.1016/j.fertnstert.2015.08.038
http://dx.doi.org/10.1186/s12958-016-0171-z
http://www.ncbi.nlm.nih.gov/pubmed/27342051
http://dx.doi.org/10.1016/j.fertnstert.2010.12.022
http://www.ncbi.nlm.nih.gov/pubmed/21215967
http://dx.doi.org/10.1016/j.fertnstert.2015.02.012
http://dx.doi.org/10.1016/j.fertnstert.2016.06.016
http://dx.doi.org/10.1016/j.fertnstert.2008.08.043
http://dx.doi.org/10.1016/S0015-0282(03)00349-2
http://dx.doi.org/10.1093/oxfordjournals.humrep.a135955

J. Clin. Med. 2019, 8, 2001 11 0f 11

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Bontekoe, S.; Johnson, N.; Blake, D.; Marjoribanks, J. Adherence compounds in embryo transfer media for
assisted reproductive technologies: Summary of a Cochrane review. Fertil. Steril. 2015, 103, 1416-1417.
[CrossRef]

Fancsovits, P.; Lehner, A.; Murber, A.; Kaszas, Z.; Rigo, J.; Urbancsek, J. Effect of hyaluronan-enriched embryo
transfer medium on IVF outcome: A prospective randomized clinical trial. Arch. Gynecol. Obstet. 2015, 291,
1173-1179. [CrossRef]

Guerrero, V.; Rodrigo, M.D.; Oscar, I.; Rojas, M.D. Spontaneous Abortion and Aging of Human Ova and
Spermatozoa. N. Engl. |. Med. 1975, 293, 573-575. [PubMed]

France, M.; Campbell, H.; Bonnar, J.; Bradley, E.; Rosales, V.; Angeles, B.; Gibbons, W.; Kearns, F. A prospective
multicentre study of the ovulation method of natural family planning. IV. The outcome of pregnancy. Fertil.
Steril. 1984, 41, 593-598.

Gray, R.H.; Simpson, J.L.; Kambic, R.T.; Queenan, J.T.; Mena, P; Perez, A.; Barbato, M. Timing of conception
and the risk of spontaneous abortion among pregnancies occurring during the use of natural family planning.
Am. J. Obstet. Gynecol. 1995, 172, 1567-1572. [CrossRef]

Simpson, J.L.; Gray, R H.; Perez, A.; Mena, P,; Barbato, M.; Castilla, E.E.; Kambic, R.T.; Pardo, F.; Tagliabue, G.;
Stephenson, W.S.; et al. Pregnancy outcome in natural family planning users: Cohort and case-control
studies evaluating safety. Adv. Contracept. 1997, 13, 201-214. [CrossRef]

Wilcox, A.J.; Weinberg, C.R.; Baird, D.D. Timing of Sexual Intercourse in Relation to Ovulation—Effects on
the Probability of Conception, Survival of the Pregnancy, and Sex of the Baby. N. Engl. ]. Med. 1995, 333,
1517-1521. [CrossRef]

Blesa, D.; Ruiz-Alonso, M.; Simén, C. Clinical management of endometrial receptivity. Semin. Reprod. Med.
2014, 32, 410-414. [CrossRef]

Wilcox, AJ.; Baird, D.D.; Weinberg, C.R. Time of Implantation of the Conceptus and Loss of Pregnancy.
N. Engl. ]. Med. 1999, 340, 1796-1799. [CrossRef]

Noyes, R.W.; Hertig, A.T.; Rock, J. Dating the endometrial biopsy. Obstet. Gynecol. Surv. 1950, 5, 561-564.
[CrossRef]

Tulppala, M.; Bjorses, U.M.; Stenman, U.H.; Wahlstrom, T.; Ylikorkala, O. Luteal phase defect in habitual
abortion: Progesterone in saliva. Fertil. Steril. 1991, 56, 41-44. [CrossRef]

Li, T.; Makris, M.; Tomsu, M.; Tuckerman, E.; Laird, S. Recurrent miscarriage: Aetiology, management and
prognosis. Hum. Reprod. 2000, 8, 463—481. [CrossRef]

Tuckerman, E. Markers of endometrial function in women with unexplained recurrent pregnancy loss: A
comparison between morphologically normal and retarded endometrium. Hum. Reprod. 2004, 19, 196-205.
[CrossRef] [PubMed]

Parkin, K.L.; Lessey, B.A.; Young, S.L.; Fazleabas, A.T. Comparison of NK cell phenotypes in the endometrium
of patients with recurrent pregnancy loss versus unexplained infertility. Am. J. Reprod. Immunol. 2011, 65, 43.
Koot, Y.E.M.; Teklenburg, G.; Salker, M.S.; Brosens, ]J.J.; Macklon, N.S. Molecular aspects of implantation
failure. Biochim. Biophys. Acta 2012, 1822, 1943-1950. [CrossRef] [PubMed]

Ruiz-Alonso, M.; Blesa, D.; Simén, C. The genomics of the human endometrium. Biochim. Biophys. 2012,
1822,1931-1942. [CrossRef]

Mahajan, N. Endometrial receptivity array: Clinical application. J. Hum. Reprod. Sci. 2015, 8, 121. [CrossRef]
[PubMed]

Bassil, R.; Casper, R.; Samara, N.; Hsieh, T.B.; Barzilay, E.; Orvieto, R.; Haas, J. Does the endometrial
receptivity array really provide personalized embryo transfer? J. Assist. Reprod. Genet. 2018, 35, 1301-1305.
[CrossRef]

Cho, K; Tan, S.L.; Buckett, W.; Dahan, M.H. Intra-patient variability in the endometrial receptivity assay
(ERA) test. J. Assist. Reprod. Genet. 2018, 35, 929-930. [CrossRef]

Martinez, F.; Neves, A.R.; Devesa, M.; Garcia-Martinez, S.; Rodriguez, I.; Coroleu, B. What is the clinical
impact of the endometrial receptivity array in PGT-A and oocyte donation cycles? Fertil. Steril. 2019, 36,
1901-1908. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.fertnstert.2015.03.010
http://dx.doi.org/10.1007/s00404-014-3541-9
http://www.ncbi.nlm.nih.gov/pubmed/1152892
http://dx.doi.org/10.1016/0002-9378(95)90498-0
http://dx.doi.org/10.1023/A:1006556022127
http://dx.doi.org/10.1056/NEJM199512073332301
http://dx.doi.org/10.1055/s-0034-1376360
http://dx.doi.org/10.1056/NEJM199906103402304
http://dx.doi.org/10.1097/00006254-195008000-00044
http://dx.doi.org/10.1016/S0015-0282(16)54413-6
http://dx.doi.org/10.1093/humupd/8.5.463
http://dx.doi.org/10.1093/humrep/deh031
http://www.ncbi.nlm.nih.gov/pubmed/14688182
http://dx.doi.org/10.1016/j.bbadis.2012.05.017
http://www.ncbi.nlm.nih.gov/pubmed/22683339
http://dx.doi.org/10.1016/j.bbadis.2012.05.004
http://dx.doi.org/10.4103/0974-1208.165153
http://www.ncbi.nlm.nih.gov/pubmed/26538853
http://dx.doi.org/10.1007/s10815-018-1190-9
http://dx.doi.org/10.1007/s10815-018-1125-5
http://dx.doi.org/10.1016/j.fertnstert.2019.07.545
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Subsequent Live Birth Rate 
	Time to Conceive 
	Sperm Selection Techniques to Improve Sperm Quality 
	Improved Embryo Quality 
	Embryo Morphology 
	Time-Lapse System Embryoscopy 
	Preimplantation Genetic Testing-Aneuploidy (PGT-A) 

	Improving Implantation 
	Assisted Hatching 
	Biologic Glue 

	The Window of Implantation-Improving Synchronization 
	Conclusions 
	References

