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ABSTRACT

Identifying “competent embryos” (those with the greatest potential to develop into normal
concept) for transfer to the uterus has been a matter of the highest priority and the
subject of both hot debate and ongoing research, since the very inception of human in
vitro fertilization (IVF). A thorough literature search was performed to evaluate the
correlation between pronuclear morphology, early embryo cleavage speed, cleavage
stage embryos, embryo/blastocyst development, “omics”, SHLA-G expression, PGS, and
implantation/pregnancy-generating potential in ART. Based on available literature, an
array/combination of laboratory observations could assist the scientist with embryo
selection. The pronuclear stage morphology, the early embryo division, cleavage embryo
stage and quality of the day 3 embryos provides limited guidance. We conclude that use
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of (invasive) PGS in specific patient populations is appropriate; however, more data are
needed to determine its true value for overall impact in ART. Non-invasive selection of
blastocysts on day 5 with optimal sHLA-G expression provides a very high degree of
confidence to yield a viable pregnancy and potentially reduce multiple gestations.

Keywords: Morphology; omics; soluble human leu kocyte antigen-G (sHLA-G); blastocyst;
cytogenetics.

1. INTRODUCTION

Since the inception of Assisted Reproductive Technology (ART) more than three decades
ago, ovulation induction techniques, embryo culture conditions, and culture media and
embryo transfer methods have been constantly evolving. However, identifying the embryos
with optimized implantation competence for transfer, those that have the highest probability
of developing into a live baby, has been an issue of debate and continuous research.
Currently embryo selection is predominantly based on morphological appearance. Several
developmental characteristics have been proposed as helpful criteria by which to best
identify viable embryos. Earlier studies reported that morphological evaluations will furnish
clues that enhance the ability to identify the best embryos for transfer [1]. However, all these
methods have significant limitations when it comes to predicting the likelihood of successful
implantation and live births. Furthermore, morphological evaluation does not fully reflect the
developmental potential of a pre-implantation embryo as described by Munne and Cohen [2].

The presence of two pronuclei (2PN) has been the standard for assessing “normal’
fertilization and has been associated with normal embryo development [3] and early stages
of RNA-synthesis [4]. It has been postulated that fast cleaving embryos resulted in a higher
degree of developmental competence than slower ones. Shoukir et al. [1] defined “early
cleavage” as the timing at which the first mitotic division post fertilization takes place - this
phenomenon has been extensively studied to be used as additional criteria for embryo
selection prior to transfer and as a predictor of embryo development potential and improved
implantation/pregnancy rates. Embryo scoring was initially performed on a single
microscopic assessment done on day 2 (post-fertilization) embryos. In 2000 Desai et al. [5]
introduced the first day 3 embryo score and in 2001, Fisch et al. [6] introduced a graduated
embryo scoring (GES) system where embryos were individually cultured so as to allow for
sequential microscopic assessment and scored during their development stages from day 1
through day 3 of culture. Each day’'s embryo total cumulative score was out of 100 points.
Those with a GES-score of greater than 70 were shown to have the greatest implantation
and pregnancy potential. Jurisicova et al. [7,8] reported that pre-implanted human embryos
express soluble Human Leukocyte Antigen-G (SHLA-G). Fuzzi et al. [9] thereupon
demonstrated the presence of sHLA-G in the media surrounding grouped embryos and
suggested that this could be used as a non-invasive biochemical marker by which to identify
embryos with the highest implantation potential. In 2010, Kotze et al. [10] published the first
prospective randomized study to conclude that higher ongoing pregnancies were achieved
when embryos with a GES-score of >70 with optimal sHLA-G expression was transferred.
(Level Il evidence) Recently, these findings have been confirmed by a retrospective multi-
center data set of 2040 ICSI patients [11].

Pre-implantation Genetic Diagnosis (PGD) was introduced in 1990 by Handyside et al. [12].
Genomics using Fluorescent In situ Hybridization (FISH) has been applied to identify
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aneuploidy and known single-gene disorders in order to prevent their transmission.
Extended embryo culture to the blastocyst stage has been promoted by Gardner et al.
[13,14]. The issue of transferring cleaved versus blastocyst stage embryos has been
controversial at best. However, a meta-analysis by Papanikolaou et al. [15] compared
clinical pregnancy rate, multiple pregnancy and live birth rate outcomes where cleaved
versus blastocyst stage embryos were transferred. They reported both clinical pregnancy
and live birth rates to be significantly higher in the latter group. (Level | evidence)

The goal of this article was to review a wide array of available evidence in order to determine
if morphological, biochemical and/or genetic features of an embryo are predictive of its
implantation and pregnancy potential in ART. Each criterion will be addressed under the
headings a) non-invasive and b) invasive methods.

2. NON-INVASIVE METHODS
2.1 Pronuclear Morphology

The detection of two pronuclei has been used as the first objective evidence of early stage of
RNA-synthesis [4] and that fertilization might subsequently lead to orderly embryo
development [3]. Additional evaluation of pronuclei such as: a) their positioning within the
ooplasm b) size c) nucleoli distribution d) orientation with respect to the polar bodies and, €)
the presence of a cytoplasmic halo has also been attributed with prognostic significance.
Several studies reported on the positive correlation between pronuclear morphology and
embryo morphology/development [16-27]. Contradicting however, other studies have
reported no correlation between pronuclear morphology and embryo morphology/
development [28,29,30,31,32].

The associations between pronuclear morphology and pregnancy rates were controversial at
best: the following studies reported a positive correlation between pronuclear morphology
and implantation/pregnancy outcome in ART, [24,28-36] and was confirmed with a
prospective study by Montag & Van der Ven [38]. Contradicting however, other studies have
reported no correlation between pronuclear morphology and implantation/pregnancy
outcome in ART: [16,25,26,37-42].

A few studies have reported on the positive correlation between pronuclear morphology and
embryo ploidy, [20,33,43-48]. However, there was a contradicting report by Arroyo et al. [42]
which found no association between pronuclear morphology and genetic status of an
embryo.

2.2 Early Zygote Cleavage Evaluation

Several studies have also been published on the topic of “early cleaving/fast dividing”
embryos and its subsequent effect on embryo morphology and implantation/pregnancy
outcome in vitro. Moreover, the effect of early cleaving zygotes on subsequent embryo
development has been reported. Fenwick et al. [49] associated early cleavage with
increased developmental potential, Van Montfoort et al. [50], associated early cleavage with
improved blastocyst development and Fu et al. [51] associated early cleavage with improved
embryo quality. Furthermore, retrospective studies reported a positive correlation between
these “fast cleavers” and implantation and pregnancy outcome [1,50-61]. It is important to

2912



British Journal of Medicine & Medical Research, 4(15): 2910-2930, 2014

note that prospective studies by Isiklar et al. [62] and Brezinova et al. [63], confirmed the
findings from the above mentioned retrospective studies. (Level 111-2 evidence)

On the other hand, contradicting prospective studies by Brezinova et al. [64] and Chen and
Kattera [38] reported that the transfer of early cleaved embryos did not benefit
implantation/pregnancy rates. In 2008, Sundstrom and Saldeen [65] confirmed that the
transfer of early cleaved embryos did not benefit ART outcomes. As with pronuclear stage
embryo morphology there is no consensus in the international literature on potential
advantages/disadvantages of early embryo cleavage.

2.3 Developmental Stage: Blastocyst versus Cleavage Stage Transfers

Until recently, the vast majority of programs favored the transferring of cleaved embryos.
However, the development of extended culture systems that allow embryos to grow to
blastocysts [Gardner et al. [14,66] and Pool [67] promises to change this. Since blastocysts
tend to have a higher implantation/pregnancy-outcome potential compared to earlier,
cleaved embryos, more and more IVF practitioners are transferring blastocysts preferentially,
hoping that this paradigm will permit the transfer of fewer embryos, without negatively
impacting success rates and at the same time reducing the risk of IVF multiple pregnancies.

2.3.1 Extended embryo culture has advantages

Extended culture yields blastocysts (a more developmentally advanced embryo) that
theoretically have an improved implantation potential. Fewer embryos are needed for
transferred and could potentially reduce multiple pregnancies. It has been reported that
embryos that fail to reach the blastocyst stage of development are most often aneuploid and
are thus incapable of developing into a normal conceptus [68].Magli et al. [69] reported that
many day 3 embryos with a “normal” morphology are actually chromosomally abnormal.
Alfarawati et al. [70,71] speculated that extended culture of embryos to the blastocyst stage
could be used to eliminate many chromosomally abnormal, “incompetent” embryos prior to
transfer. In contrast, Kotze et al. [11], reported that 67% of aneuploid oocytes did progress
and develop into blastocysts. Therefore, reaching this stage of development by no means
provides assurance that embryos are euploid and/or “competent”.

Blastocyst grading systems were developed by Cohen et al. [72], Dokras et al. [73], Gardner
and Schoolcraft [74], Richter et al. [75] and Kovacic et al. [76]. These above mentioned
grading systems accounts for blastocoel's expansion, characteristics of the inner cell mass
(ICM), and the trophectoderm (TE), respectively.

In 2000, Balaban et al. [77] reported that the transfer of morphologically good quality
blastocysts were associated with improved implantation rates as compared to when
morphologically “poor quality blastocysts” were transferred. Racowsky et al. [78] suggested
that keeping at least two, but preferably three good quality eight-cell (day 3) in extended
culture, would likely yield sufficient blastocysts for transfer and/or cryopreservation.
Papanikolaou et al. [15] suggested that ideally at least four good quality day 3 embryos
should remain in extended culture in order to be more assured that there will be “good
morphologic blastocysts” available for transfer and that in so doing the chance of achieving
a live birth would be significantly improved.

Several studies have reported improved implantation/pregnancy rates when transferring
blastocysts as compared to cleaved embryos: Blake et al. [79] and Mangalraj et al. [80]. A
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meta-analysis was performed by Papanikolaou et al. [15] to compare clinical pregnancy rate,
multiple pregnancy and live birth rate outcomes where cleaved versus blastocyst stage
embryos were transferred and found both clinical pregnancy and live birth rates to be
significantly higher in the latter group. (Level | evidence)

Controversially, some studies have shown no difference in ART outcome when comparing
blastocyst with cleaved embryo transfers [81,82]. (Level Il evidence) In a surprisingly
contradiction, Levron et al. [83] reported a decrease in implantation and pregnancy rate
associated with the transfer of blastocysts as compared to cleaved embryos and suggested
that blastocyst transfers had a negative effect on IVF outcome. (Level Il evidence)

Criniti et al. [84] and Zech et al. [85], suggested that transferring a single blastocyst at a time
would virtually eliminate the risk of multiple pregnancies. Furthermore, they reported that
cryopreservation of supernumerary blastocysts and transferring them subsequently in
hormone-prepared frozen/thawed cycles would not compromise the overall live birth rate.
Similar suggestions were reported at the American Society for Reproductive Medicine’s,
62nd Annual Meeting [86].

2.3.2 Genomics, transcriptomics, proteomics and metabolomics and its role in ART

Lately, advances in genomics, transcriptomics, proteomics, and metabolomics suggest a
potential role for these novel techniques in aiding embryo selection.

Proteomics - (hon-invasive) - describes the changes in all proteins expressed and translated
from a single genome. Currently little is known about the genome and/or proteome of human
gametes or the pre-implantation embryo. The dialogue between the developing embryo and
the maternal endometrial environment needs a much better understanding. Proteomics
technology might be a futuristic tool to select competent embryos for transfer. Proteomics
alone involves several sophisticated techniques including imaging, mass spectrometry and
bio-informatics to identify, quantify and characterize a proteome. Continuous research can
lead to profiling and understanding the proteome of individual human oocytes and embryos,
as well as the proteins produced by the embryo into the surrounding medium (the
secretome) by Katz-Jaffe and McReynolds [87]. Furthermore, the identification of proteins
that are involved in oocyte maturation, embryo development and implantation could lead to
further improvements in assisted reproduction techniques as well as the development of new
diagnostic tests as reported by Nyalwidhe et al. [88]. Finally, proteomics may contribute in
the design of a non-invasive viability assay to assist in the selection of embryos for transfer
in human assisted reproduction.

Transcriptomics - (non-invasive) - studies that evaluate the cumulus mass (surrounding
oocytes), for the presence of specific messenger ribonucleic acid (mMRNA). Katz-Jaffe et al.
[89] reported that when these embryos were transferred, live births resulted compared with
those that failed to deliver. Assou et al. [90,91] in a review study reported on the cumulus
cells (CCs) transcriptomic profiling that predict oocyte and embryo competence. Using
reverse transcription polymerase chain reaction (RT-PCR) or deoxyribonucleic acid (DNA)
microarrays, evidence of genes expressed in CCs might present potential biomarkers to
predict embryo quality and pregnancy outcomes.

Proteomics - (non-invasive) - is the measurement of amino acids or proteins in spent culture

media. In 2004, Brison et al. [92] found that changes in the levels of some amino acids are
associated with implantation rates. Sturmey et al. [93] reviewed amino acid profiling as
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possible predictor early embryo viability. Amino acid supplementation of embryo culture
media and the role of amino acids in early embryo development were reviewed as well as
methods to quantify amino acid depletion and production by single embryos. They concluded
that improved metabolic assay methods could provide great potential to improve the
selection of single embryos for transfer in vitro.

Metabolomics — (non-invasive) - evaluates how the embryo alters its surrounding
microenvironment and is evaluated in spent culture medium surrounding embryos. Scott et
al. [94] used a Raman spectroscope to determine if varying spectral patterns predict ongoing
pregnancies. Initial studies to measure metabolomic changes in the culture medium of
embryos and oocytes have demonstrated that different types of spectrophotometric tests,
including Raman and near-infrared (NIR) techniques, are similarly well capable of detecting
specific changes of the 'secretome' It has been demonstrated that metabolomic
measurements correlate well with embryo development and morphology assessment. The
viability index on oocytes/embryos established by metabolomic tests may be a stronger
predictor for implantation potential than traditional morphological assessment. In 2010, Seli
et al. 2011, [95] introduced a metabolomic Viability Score and claimed that this score alone
or in combination with morphologic grading (rather than only using morphology grading)
potentially improved pregnancy prediction for single embryos transfer on day 5. Gardner et
al. reported that glucose consumption by embryos which resulted in a pregnancy was
significantly higher at the morula and blastocyst stage compared to those that failed to
develop into a pregnancy [96]. Interestingly, female embryos consumed 28% more glucose
compared to male embryos. They concluded that a human embryos glucose metabolism
could be used as selection criteria and hypothesized that male and female human embryos
differ in their physiology and glucose consumption. In 2011, McReynolds et al. discovered
the first protein, lipocalin-1, in the secretome of human blastocysts, that is associated with
chromosome aneuploidy [97]. If confirmed, this finding could potentially eliminate the use of
invasive PGS-techniques currently available.

2.3.3 Biochemical evaluation non invasive

Soluble HLA-G

e While still poorly understood, the embryo implantation mechanism represents a
highly complex dialog (cross-talk) between the embryo and the endometrium
[98,99]. For Implantation to succeed, the local uterine maternal immune system
must undergo profound adaptations. The human body can identify and discriminate
against foreign tissue by way of the major histocompatability complex (MHC),
human leukocyte antigen (HLA) located on the short arm of chromosome six [6].
When confronted with non-self antigens expressed by the contribution made by a
different member of the same species MHC evokes T-cell intervention (allo-immune
response), The embryo is comprised cells made up (in part) by the contribution of
paternal MHC antigens (in sperm) Once reaching the uterine environment it is
immediately targeted as being non-self-tissue. Ordinarily one would anticipate that
this would evoke an MHC-T-cell response that would reject the embryo. However,
during pregnancy the immune system develops fetal tolerance [100]. HLA-G
produced by the extra-villous cyto-trophoblast (the only fetal contact made with
maternal endometrial cells), confers immuno-tolerance through interaction with
maternal uterine membrane lymphocytes. This scenario would suggest that HLA-G
helps protect the developing conceptus from maternal immune response attack.
HLA-G is expressed by the trophoblast and then by the placenta throughout
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gestation. It is also present in amniotic fluid. Soluble HLA-G (a spliced iso-form of
membrane bound HLA-G) is released into the medium surrounding the early embryo
in culture where it can be detected and measured sHLA-G, a non-classic type |
human leukocyte antigen, was first identified in the media surrounding groups of
embryos and blastocysts in culture by Jurisicova et al. [7,8] and Menicucci et al.
[101], first identified, SHLA-G (a non-classic type | human leukocyte antigen), in the
culture media surrounding a group of day 3 embryos. Fuzzi et al. [9] demonstrated
the presence of sHLA-G in the culture media harboring groups of three day old
cleaved embryos, correlated both with their cleavage rate and with their overall
subsequent implantation potential [9]. In 2004, Sher et al. were able to detect SHLA-
G in the media surrounding day 2 embryos [102]. Huviid et al. [103] postulated that
the presence of sHLA-G protected the conceptus from destruction by the maternal
immune response.

As of yet, no consensus has been reached with regard to the best manner by which to
express sHLA-G in the culture media. In fact some criticism has been leveled regarding
expressing sHLA-G in terms of optical density (OD) [104-108].

The detection of soluble HLA-G in culture medium surrounding embryos has been reported
[8,9,101]. Several studies regarding sHLA-G and its effect on pregnancy outcome have been
reported since [10,105-107,109,110,111]. A prospective randomized trial by Kotze et al. [10]
conducted on more than 200 patients, showed a significant benefit in selecting embryos on
the basis of their early sHLA-G expression while in culture. (Level Il Evidence) In a
multicentre study Kotze et al. [109] confirmed the value of using sHLA-G in the media
surrounding early embryos in culture to predict embryo implantation and pregnancy-
generating potential following ET. (Level 1llI-2) Sargent et al. [107] and Vercammen et al.
[108] performed a retrospective analysis of prior studies that assessed sHLA-G and ART
outcome. In a meta-analysis Vercammen et al. [108] reported that embryo selection for
transfer based upon advance assessment of SHLA-G expression can indeed augment the
ability to predict IVF outcome, especially if the embryos so tested had a high morphologic
grade. (Level I) Finally, Rebmann et al. [110] addressed specific issues associated with the
use of SHLA-G, ELISA protocols.

The expression of SHLA-G by early embryo is a potentially valuable, non-invasive method
by which to in selecting the most “competent embryos for transfer with the objective of
limiting the number of embryos transferred while improving implantation and pregnancy rates
and reducing multiple pregnancies. This potential could be augmented through selective
transferring a single blastocyst derived from early embryos that expressed optimal sHLA-G
adequately.

2.3.4 Morphokinetics

Cinematography using different devises: Hoffman Modulation optics Cohen et al. [111],
digital imaging system Wright et al. [112], PolScope real time, Shen et al. [21], time lapse
video cinematography by Payne et al. [113] and more recent, cinematography (time-lapse
imaging) by Lemmen et al. [114], and scanning electron microscopy (SEM) [115] have been
reported.

Meseguer et al. [116] and Rubio et al. [117] reported that the continuous monitor of embryo

development, applying a noninvasive method, increase the precision and sensitivity of
information obtained. An associations has been established between specific morphokinetic
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events (during the early cleavage stages of the embryo), and embryo viability and
implantation potential. They concluded that predictive morphokinetic markers could improve
embryo selection of a single embryo for transfer. (The above two authors hold a financial
interest in the “Embryoscope™” deeming this a potential bias group of researchers).

3. INVASIVE METHODS
3.1 Embryo Pre-implantation Genetic Screening (PGS)

Genomics - (invasive) - was used as early as 1990 by Handyside et al. [12] when pre-
implantation diagnosis (PGD) was introduced. Fluorescence in situ hybridization (FISH) has
been applied to identify aneuploidy and known single-gene disorders and using genomics to
prevent the transmission genetic disorders. However, the latter did not improve pregnancy
rates among infertile couples as reported by Mastenbroek et al. [118]. A few years later
Kallioniemi et al. [119] developed comparative genome hybridization (CGH) to screen the
whole genome’s DNA in tumors. This technique was modified to study the DNA of single
cells (like blastomeres) by Voullaire et al. [120] and Wells et al. [121]. Lately, a more rapid
technology has been developed, allowing a more rapid and more detailed analysis of PB-I,
PB-Il, day 3 blastomeres and trophectoderm cells, namely array-CGH [122-126].

More recently Treff et al. [127,128] introduced real-time gPCR.

The first successful clinical application of preimplantation genetic diagnosis (PGD) was
reported by Handyside [12]. Pre-implantation genetic screening (PGS) of embryos has been
selectively used in patients with advanced maternal age (AMA), recurrent pregnancy loss,
repeat IVF failure, polycystic ovarian syndrome (PCOS) or in cases of severe male factor
infertility [129]. In the past, the most common PGS technique used was fluorescence in situ-
hybridization (FISH). FISH is a relatively rapid and easy procedure to perform. However, the
validity of FISH-PGS as a method by which to select the “best” embryos for transfer has
recently come under criticism. Staessen et al. [130] found that FISH-based embryo selection
did not improve IVF embryo implantation and baby rates in women less than 36 years of
age. Hardarson et al. [131] reported that PGS-based embryo selection was in fact
associated with a decrease in IVF plantation/birth rates in women with advanced maternal
age (AMA). In 2005, Li et al. [132] suggested that this finding could be attributable to the
cleavage stage of such embryos and the influence of mitotic aneuploidy (mosaicism) which
is more prevalent in embryos derived through the fertilization of the eggs from older
women.). Another reason why the transfer of FISH-selected embryos does not appear to
improve IVF pregnancy/implantation rates is that FISH cannot evaluate all 23 chromosome
pairs. At best it can evaluate 12 pairs reliably. However, “FISH-euploid embryos” might still
be aneuploid. The opposite scenario has been reported by Northrop et al. [133]. They used
a single nucleotide polymorphism (SNP) microarray-based 24 chromosome aneuploidy
screening technology to re-evaluate morphologically normal blastocysts that were diagnosed
as “FISH-aneuploid embryos” at the cleavage stage, which could result in the erroneous
disposal of reproductively competent blastocysts. Bases on the above findings it is strongly
recommended that retesting be performed of morphologically normal blastocysts that
develop despite an “FISH-aneuploid status”.

Kallioniemi et al. [119] developed comparative genome hybridization (CGH) to screen the

whole genome’s DNA in certain tumors. This technique was subsequently modified to study
the DNA in single cells (e.g., blastomeres) by Voullaire et al. [120] and Wells et al. [121].
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CGH screens the whole genome and is thus superior to FISH when it comes to embryo
selection. The procedure detects anomalies such as chromosome imbalances due to
aberrant segregation and structural imbalances (gains/losses) larger than 10-20 Mb as
reported by and Malmgren et al. [134]. One disadvantage of CGH is that it is very time/labor
intensive — requiring up to four days to obtain results following hybridization and
amplification of the DNA and comparing the test DNA to that of a normal template of
chromosomes.

In 2007, Sher et al. [68] became the first to report pregnancies through the transfer of
blastocysts derived from fresh metaphase-CGH (mCGH) tested, karyotypically normal
human oocytes. The same researches went on to report a high pregnancy rate following the
transfer of blastocysts derived from day 3, CGH-normal embryos [135,136]. Handyside et al.
(2010) [36] reported on the use of single nucleotide polymorphism (SNP)-array to detect
chromosome imbalances and genome-wide linkage analysis. (Level IV evidence)

CGH karyotyping of the oocyte’s first polar body (PB-I) allows evaluation of the oocyte’s
genome, the main determinant of an embryo’s karyotype and allows for the selection of the
most “competent” (euploid) embryos for transfer [11,68,137,138]. However, in order to
consider/account for the paternal (sperm) chromosomal contribution to the embryo’s
genome, Wilton et al. [139], Sher et al. [68], Sher et al. [135] and Kotze et al. [11] started to
perform CGH on the embryo, rather than the oocyte.

Sher et al. [135], reported a strong correlation, between the chromosomal status of PB-I
(oocyte), PB-Il (zygote), day 3 blastomeres and subsequent blastocyst formation. Kotze et
al. [11] also reported such correlation with a Kappa of >0.7. Both groups were able to show a
high live birth outcome when sequential CGH screening was applied and euploid embryos
that developed into blastocysts were transferred.

More recently, Fragouli et al. [138] and Schoolcraft et al. [140] reported on the value of
performing CGH on the collective DNA derived through the removal of several blastocyst
trophectoderm (TE) cells. However, the time taken to perform CGH required that biopsied
blastocysts be cryopreserved and held until the results of CGH testing are available. The
process of cryopreserving, storing and then delaying transferring warmed CGH-normal
(euploid) embryos in a future frozen embryo transfer (FET) cycle is referred to as
“staggered IVF".

Potentially detrimental effects of cryopreserving-PGS/D-tested embryos have been
suggested by Zheng et al. [141]. Researchers reported a 30-40% reduction in their
implantation potential. However, the recent the introduction of blastocyst verification (ultra-
rapid freezing) by Mukaida et al. [142] and Zhang et al. [143] has significantly improved the
gamete/embryo cryopreservation process and with it, the survival of warmed embryos. Sher
et al. [68] and Kotze et al. [11] reported more than a 50% live birth rates after the transfer of
PGS vitrified/warmed blastocysts.

It was recently suggested that a more rapid form of CGH testing known as array CGH
(aCGH) [124,126,144,145], by permitting rapid analysis of PB-I, PB-Il, Day 3 blastomeres
and trophectoderm cells, subsequently avoiding/limiting the need for both embryo
cryopreservation and “staggered IVF [146].

Screening the whole genome has shown that anomalies could be present in any of an
embryo’s chromosomes. Kotze et al. [11] and Traversa et al. [147] showed that some
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aneuploid embryos do have the potential to develop to a blastocyst. These findings
contradict the belief that embryos exhibiting aneuploidy of the larger chromosomes [1-12]
are incapable of developing into blastocysts. While FISH indentifies a single point on a
chromosome, CGH-probes cover the entire length of a chromosome, allowing for the
detection of structural anomalies such as partial duplications and deletions. Translocation
errors can likewise be detected through the ability of CGH to determine a loss or gain of
parts of chromosomes. Interestingly, Traversa et al. [148] has shown that FISH suffers from
high false positive rates. Furthermore, Traversa et al. [148] reported superior PCR
technologies to improve translocation screening. CGH can also detect translocation in
cases where the fragments are large enough. Balanced translocation can thus be
determined as well as the ploidy status of all other chromosomes. FISH analyzes/targets
each cell individually for the specific probe(s) that are applied.

In 2010 Traversa et al. [148] also demonstrated the ability of aCGH to reliably detect
aneuploidy in blastocysts. Sher et al. [135] and Kotze et al. [11] used mCGH screening to
identify aneuploid embryos, subsequent blastocysts were vitrified. Blastocysts that were
classified as euploid were warmed and transferred, resulting in excellent implantation and
pregnancy outcomes.

Currently the two full karyotyping techniques that are still under investigation are:

1. SNP-array: Common polymorphic DNA sequences found throughout the genome is
used to detect any chromosome imbalances and genome wide linkage analysis
[136,149-151].

2. CGH-array: test and reference DNA is hybridized to DNA probes fixed to a slide.
Several reports on the successful use of array-CGH [124,144]. Furthermore, some
clinical applications have been reported by Hellani et al. [152], Fishel et al. [153]
and Rius et al. [154].

There are emerging developments that hold promise with regard to improving the
efficiency/accuracy of PGS and involve the use of BAC microarrays [155,156]. This
approach could also be used to determine specific segmental errors during chromosomal
rearrangement as reported by Alfarawati et al. [71] and Fiorentino et al. [157]. In an
interesting study in 2013 by Mertzanidou et al. [158] (analyzing the whole genome) evidence
was presented that around 70% of good-quality embryos carry chromosomal abnormalities,
including structural aberrations. In this study they analyzed the majority of the blastomeres
from top-quality embryos that originated from a cohort of embryos showing normal
developmental rates and high implantation potential.

Several studies have claimed the benefits in recent advances made in the area of the PGS,
more specifically, array comparative genomic hybridization technique (aCGH) that is
considered an advance in preimplantation genetic testing. A study by Scriven et al. [159],
using polar body aCGH indicates that the test accuracy compares favorably with the
fluorescence in situ hybridization technique although a substantial number of euploid
zygotes are still likely to be excluded incorrectly. A sound argument against selection in
principle has recently been published by Mastenbroek et al. [160] and Wikland et al. [161],
based on accumulating evidence that potentially all embryos can now be cryopreserved and
transferred in subsequent frozen replacement cycles without impairing pregnancy rates. We
suggest that vitrification and serial transfer without testing are likely to give patients the best
chance for a successful pregnancy, and avoid the use of an expensive technology. Treff et
al. [127] and Scott et al. [162], provided evidence of accuracy, safety, clinical predictive
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value, and clinical efficacy indicate that trophectoderm biopsy and quantitative real-time
polymerase chain reaction (qPCR)-based comprehensive chromosome screening (CCS)
and suggested this technique as useful to improve IVF success. Forman et al. [163] reported
that transferring of a single blastocyst that underwent trophectoderm biopsy followed by
rapid PCR-based comprehensive chromosome screening (CCS) increases ongoing
pregnancy rates (OPR) and reduces the miscarriage rate. They furthermore suggested that
effective single embryo transfer (SET) will laminate multi-zygotic multiple gestations without
compromising clinical outcomes. While extremely encouraging, it is too early to comment or
make a judgment on the true value/benefit of CGH. More data (Level | or Il evidence) is
needed before a final conclusion can be reached. This having been said, this technology
(despite being invasive and costly) offers great promise for the future.

4. CONCLUSIONS AND STATE OF THE ART
4.1 Non-Invasive Approach

Non-invasive approach suggests using all available tools for embryo selection. However, a
combination of assessment of the pronuclear stage morphology, early zygote cleaving and
cleavage-stage embryo morphology/quality on day-3 appears to be inferior. Currently,
ultimately choosing a day 5 blastocyst with optimal sHLA-G expression of its predecessor
cleaved embryo (for transfer or cryopreservation). The above mentioned criteria should be
very beneficial in assisting the technician in making the final decision to select the most
competent embryo/s for transfer. This, approach should improve pregnancy outcome and
reduce the incidence of multiple pregnancy.

4.2 Invasive Approach

Invasive approach current evidence of accuracy, safety, clinical predictive value, and clinical
efficacy indicate that trophectoderm biopsy and quantitative real-time polymerase chain
reaction (qPCR)-based comprehensive chromosome screening (CCS), suggested this
technique as useful in a specific patient population to identify competent euploid embryos for
single embryo transfer without compromising IVF success.

CONSENT

Since the treatments were standard operating procedures to all patients undergoing IVF
treatment legally they had to sign the appropriate consent.

ETHICAL APPROVAL

RESEARCH PROJECT : "TO DETERMINE THE DEVELOPMENT POTENTIAL OF A
HUMAN EMBRYO IN VITRO "
PROJECT NUMBER : NO06/07/119

At a meeting of the Committee for Human Research that was held on 2 August 2006 the
above project was approved and therefore been performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki.”

2920



British Journal of Medicine & Medical Research, 4(15): 2910-2930, 2014

COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Shoukir Y, Campana A, Farley T, Sakkas D. Early cleavage of in-vitro fertilized human
embryos to the 2-cell stage: a novel indicator of embryo quality and viability. Hum
Reprod. 1997;12(7):1531-6.

Munne S, Cohen J. Chromosome abnormalities in human embryos. Hum Reprod
Update. 1998;4(6):842-55.

Tesarik J, Kopecny V. Development of human male pronucleus: ultrastructure and
timing. Gamete Res. 1989;24(2):135-49.

Tesarik J, Kopecny V, Plachot M, Mandelbaum J. Activation of nucleolar and
extranucleolar RNA synthesis and changes in the ribosomal content of human
embryos developing in vitro. J Reprod Fertil. 1986;78(2):463-70.

Desai NN, Goldstein J, Rowland DY, Goldfarb JM. Morphological evaluation of human
embryos and derivation of an embryo quality scoring system specific for day 3
embryos: a preliminary study. Hum Reprod. 2000;15(10):2190-6.

Fisch JD, Rodriguez H, Ross R, Overby G, Sher G. The Graduated Embryo Score
(GES) predicts blastocyst formation and pregnancy rate from cleavage-stage
embryos. Hum Reprod. 2001;16(9):1970-5.

Jurisicova A, Casper RF, MaclLusky NJ, Librach CL. Embryonic human leukocyte
antigen-G expression: possible implications for human preimplantation development.
Fertil Steril. 1996;65(5):997-1002.

Jurisicova A, Casper RF, MacLusky NJ, Mills GB, Librach CL. HLA-G expression
during preimplantation human embryo development. Proc Natl Acad Sci USA.
1996;93(1):161-5.

Fuzzi B, Rizzo R, Criscuoli L, Noci I, Melchiorri L, Scarselli B, et al. HLA-G expression
in early embryos is a fundamental prerequisite for the obtainment of pregnancy. Eur J
Immunol. 2002;32(2):311-5.

Kotze DJ, Hansen P, Keskintepe L, Snowden E, Sher G, Kruger T. Embryo selection
criteria based on morphology VERSUS the expression of a biochemical marker
(sHLA-G) and a graduated embryo score: prediction of pregnancy outcome. J Assist
Reprod Genet. 2010;27(6):309-16.

Kotze D, Keskintepe L, Sher G, Kruger T, Lombard C. A linear karyotypic association
between PB-l, PB-Il and blastomere using sequentially performed comparative
genome hybridization with no association established between karyotype,
morphologic, biochemical (SHLA-G expression) characteristics, blastocyst formation
and subsequent pregnancy outcome. Gynecol Obstet Invest. 2012;74(4):304-12.
Handyside A. Sex and the single cell. New Sci. 1990;126(1713):34-5.

Gardner DK, Lane M, Stevens J, Schlenker T, Schoolcraft WB. Blastocyst score
affects implantation and pregnancy outcome: towards a single blastocyst transfer.
Fertil Steril. 2000;73(6):1155-8.

Gardner DK, Lane M, Schoolcraft WB. Culture and transfer of viable blastocysts: a
feasible proposition for human IVF. Hum Reprod. 2000;6:9-23.

Papanikolaou EG, Kolibianakis EM, Tournaye H, Venetis CA, Fatemi H, Tarlatzis B, et
al. Live birth rates after transfer of equal number of blastocysts or cleavage-stage
embryos in IVF. A systematic review and meta-analysis. Hum Reprod.
2008;23(1):91-9.

2921



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

British Journal of Medicine & Medical Research, 4(15): 2910-2930, 2014

Salumets A, Hyden-Granskog C, Suikkari AM, Tiitinen A, Tuuri T. The predictive value
of pronuclear morphology of zygotes in the assessment of human embryo quality.
Hum Reprod. 2001;16(10):2177-81.

Van Blerkom J, Davis P, Mathwig V, Alexander S. Domains of high-polarized and low-
polarized mitochondria may occur in mouse and human oocytes and early embryos.
Hum Reprod. 2002;17(2):393-406.

Ebner T, Moser M, Sommergruber M, Gaiswinkler U, Wiesinger R, Puchner M, et al.
Presence, but not type or degree of extension, of a cytoplasmic halo has a significant
influence on preimplantation development and implantation behaviour. Hum Reprod.
2003;18(11):2406-12.

Scott L. Pronuclear scoring as a predictor of embryo development. Reprod Biomed
Online. 2003;6(2):201-14.

Balaban B, Yakin K, Urman B, Isiklar A, Tesarik J. Pronuclear morphology predicts
embryo development and chromosome constitution. Reprod Biomed Online.
2004;8(6):695-700.

Shen Y, Stalf T, Mehnert C, Eichenlaub-Ritter U, Tinneberg HR. High magnitude of
light retardation by the zona pellucida is associated with conception cycles. Hum
Reprod. 2005;20(6):1596-606.

Sjoblom P, Menezes J, Cummins L, Mathiyalagan B, Costello MF. Prediction of
embryo developmental potential and pregnancy based on early stage morphological
characteristics. Fertil Steril. 2006;86(4):848-61.

Depa-Martynow M, Jedrzejczak P, Pawelczyk L. Pronuclear scoring as a predictor of
embryo quality in in vitro fertilization program. Folia Histochem Cytobiol. 2007;45
Suppl 1:585-9.

Alvarez C, Taronger R, Garcia-Garrido C, Gonzalez de Merlo G. Zygote score and
status 1 or 2 days after cleavage and assisted reproduction outcome. Int J Gynaecol
Obstet. 2008;101(1):16-20.

Liao HQ, Lin G, Lu CF, Gong F, Xiao HM, Lu GX. [Research on the selection of
embryos for transfer using a combined grading for embryo growth rate and
morphology and zygote pronuclear morphology]. Zhonghua Fu Chan Ke Za Zhi.
2006;41(5):319-21.

Nicoli A, Valli B, Di Girolamo R, Di Tommaso B, Gallinelli A, La Sala GB. Limited
importance of pre-embryo pronuclear morphology (zygote score) in assisted
reproduction outcome in the absence of embryo cryopreservation. Fertil Steril.
2007;88(4 Suppl):1167-73.

Zamora RB, Sanchez RV, Perez JG, Diaz RR, Quintana DB, Bethencourt JC. Human
zygote morphological indicators of higher rate of arrest at the first cleavage stage.
Zygote. 2011;19(4):339-44.

Lundqvist M, Johansson U, Lundkvist O, Milton K, Westin C, Simberg N. Does
pronuclear morphology and/or early cleavage rate predict embryo implantation
potential? Reprod Biomed Online. 2001;2(1):12-6.

De Placido G, Wilding M, Strina I, Alviggi E, Alviggi C, Mollo A, et al. High outcome
predictability after IVF using a combined score for zygote and embryo morphology and
growth rate. Hum Reprod. 2002;17(9):2402-9.

Lukaszuk K, Liss J, Bialobrzeska D, Wojcikowski C. [Prognostic value of the
pronuclear morphology pattern of zygotes for implantation rate]. Ginekol Pol.
2003;74(7):508-13.

Kattera S, Chen C. Developmental potential of human pronuclear zygotes in relation
to their pronuclear orientation. Hum Reprod. 2004;19(2):294-9.

2922



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

British Journal of Medicine & Medical Research, 4(15): 2910-2930, 2014

Shen Y, Stalf T, Mehnert C, De Santis L, Cino |, Tinneberg HR, et al. Light retardance
by human oocyte spindle is positively related to pronuclear score after ICSI. Reprod
Biomed Online. 2006;12(6):737-51.

Gianaroli L, Magli MC, Ferraretti AP, Lappi M, Borghi E, Ermini B. Oocyte euploidy,
pronuclear zygote morphology and embryo chromosomal complement. Hum Reprod.
2007;22(1):241-9.

Li J, Chen SL, Sun L, Xing FQ. [Relation of human zygote morphology and
implantation of the transferred embryo]. Nan Fang Yi Ke Da Xue Xue Bao.
2007;27(7):1057-60.

Scott L, Finn A, O'Leary T, McLellan S, Hill J. Morphologic parameters of early
cleavage-stage embryos that correlate with fetal development and delivery:
prospective and applied data for increased pregnancy rates. Hum Reprod.
2007;22(1):230-40.

Liu Q, Zhu G, Hu J, Wei Y, Ren X, Zhang H, et al. Relationship between pronuclear
scoring and embryo quality and implantation potential in IVF-ET. J Huazhong Univ Sci
Technolog Med Sci. 2008;28(2):204-6.

Payne JF, Raburn DJ, Couchman GM, Price TM, Jamison MG, Walmer DK.
Relationship between pre-embryo pronuclear morphology (zygote score) and standard
day 2 or 3 embryo morphology with regard to assisted reproductive technique
outcomes. Fertil Steril. 2005;84(4):900-9.

Chen C, Kattera S. Comparison of pronuclear zygote morphology and early cleavage
status of zygotes as additional criteria in the selection of day 3 embryos: a randomized
study. Fertil Steril. 2006;85(2):347-52.

James AN, Hennessy S, Reggio B, Wiemer K, Larsen F, Cohen J. The limited
importance of pronuclear scoring of human zygotes. Hum Reprod. 2006;21(6):1599-
604.

Brezinova J, Oborna |, Svobodova M, Fingerova H. Evaluation of day one embryo
quality and IVF outcome--a comparison of two scoring systems. Reprod Biol
Endocrinol. 2009;7:9.

Arroyo G, Veiga A, Santalo J, Barri PN. Developmental prognosis for zygotes based
on pronuclear pattern: usefulness of pronuclear scoring. J Assist Reprod Genet.
2007;24(5):173-81.

Arroyo G, Santalo J, Parriego M, Boada M, Barri PN, Veiga A. Pronuclear
morphology, embryo development and chromosome constitution. Reprod Biomed
Online. 2010;20(5):649-55.

Sadowy S, Tomkin G, Munne S, Ferrara-Congedo T, Cohen J. Impaired development
of zygotes with uneven pronuclear size. Zygote. 1998;6(2):137-41.

Chen CK, Shen GY, Horng SG, Wang CW, Huang HY, Wang HS, et al. The
relationship of pronuclear stage morphology and chromosome status at cleavage
stage. J Assist Reprod Genet. 2003;20(10):413-20.

Coskun S, Hellani A, Jaroudi K, Al-Mayman H, Al-Kabra M, Qeba M. Nucleolar
precursor body distribution in pronuclei is correlated to chromosomal abnormalities in
embryos. Reprod Biomed Online. 2003;7(1):86-90.

Gamiz P, Rubio C, de los Santos MJ, Mercader A, Simon C, Remohi J, et al. The
effect of pronuclear morphology on early development and chromosomal
abnormalities in cleavage-stage embryos. Hum Reprod. 2003;18(11):2413-9.
Gianaroli L, Magli MC, Ferraretti AP, Fortini D, Grieco N. Pronuclear morphology and
chromosomal abnormalities as scoring criteria for embryo selection. Fertil Steril.
2003;80(2):341-9.

2923



48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

British Journal of Medicine & Medical Research, 4(15): 2910-2930, 2014

Borges EJ, Rossi LM, Farah L, Guilherme P, Rocha CC, Ortiz V, et al. The impact of
pronuclear orientation to select chromosomally normal embryos. J Assist Reprod
Genet. 2005;22(3):107-14.

Fenwick J, Platteau P, Murdoch AP, Herbert M. Time from insemination to first
cleavage predicts developmental competence of human preimplantation embryos in
vitro. Hum Reprod. 2002;17(2):407-12.

Van Montfoort AP, Dumoulin JC, Kester AD, Evers JL. Early cleavage is a valuable
addition to existing embryo selection parameters: a study using single embryo
transfers. Hum Reprod. 2004;19(9):2103-8.

Fu J, Wang XJ, Wang YW, Sun J, Gemzell-Danielsson K, Sun XX. The influence of
early cleavage on embryo developmental potential and IVF/ICSI outcome. J Assist
Reprod Genet. 2009;26(8):437-41.

Ziebe S, Petersen K, Lindenberg S, Andersen AG, Gabrielsen A, Andersen AN.
Embryo morphology or cleavage stage: how to select the best embryos for transfer
after in-vitro fertilization. Hum Reprod. 1997;12(7):1545-9.

Sakkas D, Shoukir Y, Chardonnens D, Bianchi PG, Campana A. Early cleavage of
human embryos to the two-cell stage after intracytoplasmic sperm injection as an
indicator of embryo viability. Hum Reprod. 1998;13(1):182-7.

Bos-Mikich A, Mattos AL, Ferrari AN. Early cleavage of human embryos: an effective
method for predicting successful IVF/ICSI outcome. Hum Reprod. 2001;16(12):2658-
61.

Petersen CG, Mauri AL, Ferreira R, Baruffi RL, Franco Junior JG. Embryo selection by
the first cleavage parameter between 25 and 27 hours after ICSI. J Assist Reprod
Genet. 2001;18(4):209-12.

Tsai YC, Chung MT, Sung YH, Tsai TF, Tsai YT, Lin LY. Clinical value of early
cleavage embryo. Int J Gynaecol Obstet. 2002 Mar;76(3):293-7.

Salumets A, Hyden-Granskog C, Makinen S, Suikkari AM, Tiitinen A, Tuuri T. Early
cleavage predicts the viability of human embryos in elective single embryo transfer
procedures. Hum Reprod. 2003;18(4):821-5.

Windt ML, Kruger TF, Coetzee K, Lombard CJ. Comparative analysis of pregnancy
rates after the transfer of early dividing embryos versus slower dividing embryos. Hum
Reprod. 2004;19(5):1155-62.

Ciray HN, Karagenc L, Ulug U, Bener F, Bahceci M. Use of both early cleavage and
day 2 mononucleation to predict embryos with high implantation potential in
intracytoplasmic sperm injection cycles. Fertil Steril. 2005;84(5):1411-6.

Giorgetti C, Hans E, Terriou P, Salzmann J, Barry B, Chabert-Orsini V, et al. Early
cleavage: an additional predictor of high implantation rate following elective single
embryo transfer. Reprod Biomed Online. 2007 Jan;14(1):85-91.

Rehman KS, Bukulmez O, Langley M, Carr BR, Nackley AC, Doody KM, et al. Late
stages of embryo progression are a much better predictor of clinical pregnancy than
early cleavage in intracytoplasmic sperm injection and in vitro fertilization cycles with
blastocyst-stage transfer. Fertil Steril. 2007;87(5):1041-52.

Isiklar A, Mercan R, Balaban B, Alatas C, Aksoy S, Urman B. Early cleavage of
human embryos to the two-cell stage. A simple, effective indicator of implantation and
pregnancy in intracytoplasmic sperm injection. J Reprod Med. 2002 Jul;47(7):540-4.
Brezinova J, Oborna |, Svobodova M, Krskova M, Fingerova H, Machac S. [Early
cleavage embryos and their effect on the results of standard in vitro fertilization].
Ceska Gynekol. 2003;68(6):449-53.

2924



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

British Journal of Medicine & Medical Research, 4(15): 2910-2930, 2014

Brezinova J, Svobodova M, Krskova M, Fingerova H, Machac S. [Effect of early
cleavage of embryos after intracytoplasmic sperm injection (ICSI) into oocytes on
results of fertilization in vitro (IVF) and embryo transfer (ET)]. Ceska Gynekol.
2004;69(1):37-42.

Sundstrom P, Saldeen P. Early embryo cleavage and day 2 mononucleation after
intracytoplasmatic sperm injection for predicting embryo implantation potential in
single embryo transfer cycles. Fertil Steril. 2008;89(2):475-7.

Gardner DK. Blastocyst culture: toward single embryo transfers. Hum Fertil (Camb).
2000;3(4):229-37.

Pool TB. Recent advances in the production of viable human embryos in vitro. Reprod
Biomed Online. 2002;4(3):294-302.

Sher G, Keskintepe L, Keskintepe M, Ginsburg M, Maassarani G, Yakut T, et al.
Oocyte karyotyping by comparative genomic hybridization [correction of hybrydization]
provides a highly reliable method for selecting "competent" embryos, markedly
improving in vitro fertilization outcome: a multiphase study. Fertil Steril.
2007;87(5):1033-40.

Magli MC, Jones GM, Gras L, Gianaroli L, Korman |, Trounson AO. Chromosome
mosaicism in day 3 aneuploid embryos that develop to morphologically normal
blastocysts in vitro. Hum Reprod. 2000;15(8):1781-6.

Alfarawati S, Fragouli E, Colls P, Stevens J, Gutierrez-Mateo C, Schoolcraft WB, et al.
The relationship between blastocyst morphology, chromosomal abnormality, and
embryo gender. Fertil Steril. 2011;95(2):520-4.

Alfarawati S, Fragouli E, Colls P, Wells D. First births after preimplantation genetic
diagnosis of structural chromosome abnormalities using comparative genomic
hybridization and microarray analysis. Hum Reprod. 2011;26(6):1560-74.

Cohen J, Simons RF, Edwards RG, Fehilly CB, Fishel SB. Pregnancies following the
frozen storage of expanding human blastocysts. J In Vitro Fert Embryo Transf.
1985;2(2):59-64.

Dokras A, Sargent IL, Barlow DH. Human blastocyst grading: an indicator of
developmental potential? Hum Reprod. 1993;8(12):2119-27.

Gardner DK, Schoolcraft WB. A randomized trial of blastocyst culture and transfer in
in-vitro fertilization: reply. Hum Reprod. 1999;14(6):1663A-.

Richter KS, Harris DC, Daneshmand ST, Shapiro BS. Quantitative grading of a human
blastocyst: optimal inner cell mass size and shape. Fertil Steril. 2001;76(6):1157-67.
Kovacic B, Vlaisavljevic V, Reljic M, Cizek-Sajko M. Developmental capacity of
different morphological types of day 5 human morulae and blastocysts. Reprod
Biomed Online. 2004;8(6):687-94.

Balaban B, Urman B, Sertac A, Alatas C, Aksoy S, Mercan R. Blastocyst quality
affects the success of blastocyst-stage embryo transfer. Fertil Steril. 2000;74(2):282-
7.

Racowsky C, Jackson KV, Cekleniak NA, Fox JH, Hornstein MD, Ginsburg ES. The
number of eight-cell embryos is a key determinant for selecting day 3 or day 5
transfer. Fertil Steril. 2000;73(3):558-64.

Blake DA, Farquhar CM, Johnson N, Proctor M. Cleavage stage versus blastocyst
stage embryo transfer in assisted conception. Cochrane Database Syst Rev.
2007(4):CD002118.

Mangalraj AM, Muthukumar K, Aleyamma T, Kamath MS, George K. Blastocyst stage
transfer vs cleavage stage embryo transfer. J Hum Reprod Sci. 2009;2(1):23-6.
Hreinsson J, Rosenlund B, Fridstrom M, Ek I, Levkov L, Sjoblom P, et al. Embryo
transfer is equally effective at cleavage stage and blastocyst stage: a randomized
prospective study. Eur J Obstet Gynecol Reprod Biol. 2004 Dec 1;117(2):194-200.

2925



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

British Journal of Medicine & Medical Research, 4(15): 2910-2930, 2014

Utsunomiya T, Ito H, Nagaki M, Sato J. A prospective, randomized study: day 3
versus hatching blastocyst stage. Hum Reprod. 2004;19(7):1598-603.

Levron J, Shulman A, Bider D, Seidman D, Levin T, Dor J. A prospective randomized
study comparing day 3 with blastocyst-stage embryo transfer. Fertil Steril.
2002;77(6):1300-1.

Criniti A, Thyer A, Chow G, Lin P, Klein N, Soules M. Elective single blastocyst
transfer reduces twin rates without compromising pregnancy rates. Fertil Steril.
2005;84(6):1613-9.

Zech NH, Lejeune B, Puissant F, Vanderzwalmen S, Zech H, Vanderzwalmen P.
Prospective evaluation of the optimal time for selecting a single embryo for transfer:
day 3 versus day 5. Fertil Steril. 2007 Jul;88(1):244-6.

ASRM. American Society for Reproductive Medicine In: Supplemant nAM, editor.
Fertil Steril ; 2006.

Katz-Jaffe MG, McReynolds S. Embryology in the era of proteomics. Fertil Steril.
2013;99(4):1073-7.

Nyalwidhe J, Burch T, Bocca S, Cazares L, Green-Mitchell S, Cooke M, et al. The
search for biomarkers of human embryo developmental potential in IVF: a
comprehensive proteomic approach. Mol Hum Reprod. 2013;19(4):250-63.

Katz-Jaffe MG, Gardner DK. Symposium: innovative techniques in human embryo
viability assessment. Can proteomics help to shape the future of human assisted
conception? Reprod Biomed Online. 2008;17(4):497-501.

Assou S, Haouzi D, De Vos J, Hamamah S. Human cumulus cells as biomarkers for
embryo and pregnancy outcomes. Mol Hum Reprod. 2010;16(8):531-8.

Assou S, Boumela I, Haouzi D, Anahory T, Dechaud H, De Vos J, et al. Dynamic
changes in gene expression during human early embryo development: from
fundamental aspects to clinical applications. Hum Reprod Update. 2011;17(2):272-90.
Brison DR, Houghton FD, Falconer D, Roberts SA, Hawkhead J, Humpherson PG, et
al. Identification of viable embryos in IVF by non-invasive measurement of amino acid
turnover. Hum Reprod. 2004;19(10):2319-24.

Sturmey RG, Brison DR, Leese HJ. Symposium: innovative techniques in human
embryo viability assessment. Assessing embryo viability by measurement of amino
acid turnover. Reprod Biomed Online. 2008;17(4):486-96.

Scott R, Seli E, Miller K, Sakkas D, Scott K, Burns DH. Noninvasive metabolomic
profiling of human embryo culture media using Raman spectroscopy predicts
embryonic reproductive potential: a prospective blinded pilot study. Fertil Steril.
2008;90(1):77-83.

Seli E, Bruce C, Botros L, Henson M, Roos P, Judge K, et al. Receiver operating
characteristic (ROC) analysis of day 5 morphology grading and metabolomic Viability
Score on predicting implantation outcome. J Assist Reprod Genet. 2011;28(2):137-44.
Gardner DK, Wale PL, Collins R, Lane M. Glucose consumption of single post-
compaction human embryos is predictive of embryo sex and live birth outcome. Hum
Reprod. 2011;26(8):1981-6.

McReynolds S, Vanderlinden L, Stevens J, Hansen K, Schoolcraft WB, Katz-Jaffe
MG. Lipocalin-1: a potential marker for noninvasive aneuploidy screening. Fertil Steril.
2011;95(8):2631-3.

Vigano P, Mangioni S, Pompei F, Chiodo |. Maternal-conceptus cross talk--a review.
Placenta. 2003;24 Suppl B:S56-61.

Shimomura Y, Ando H, Furugori K, Kajiyama H, Suzuki M, lwase A, et al. Possible
involvement of crosstalk cell-adhesion mechanism by endometrial CD26/dipeptidyl
peptidase IV and embryonal fibronectin in human blastocyst implantation. Mol Hum
Reprod. 2006;12(8):491-5.

2926



100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

British Journal of Medicine & Medical Research, 4(15): 2910-2930, 2014

Saito S, Shiozaki A, Sasaki Y, Nakashima A, Shima T, Ito M. Regulatory T cells and
regulatory natural killer (NK) cells play important roles in feto-maternal tolerance.
Semin Immunopathol. 2007;29(2):115-22.

Menicucci A, Noci |, Fuzzi B, Criscuoli L, Scarselli G, Baricordi O, et al. Non-classic
sHLA class | in human oocyte culture medium. Hum Immunol. 1999;60(11):1054-7.
Sher G, Keskintepe L, Nouriani M, Roussev R, Batzofin J. Expression of sHLA-G in
supernatants of individually cultured 46-h embryos: a potentially valuable indicator of
‘embryo competency' and IVF outcome. Reprod Biomed Online. 2004;9(1):74-8.

Hviid TV, Hylenius S, Lindhard A, Christiansen OB. Association between human
leukocyte antigen-G genotype and success of in vitro fertilization and pregnancy
outcome. Tissue Antigens. 2004;64(1):66-9.

Yie SM, Balakier H, Motamedi G, Librach CL. Secretion of human leukocyte antigen-G
by human embryos is associated with a higher in vitro fertilization pregnancy rate.
Fertil Steril. 2005;83(1):30-6.

Desai N, Filipovits J, Goldfarb J. Secretion of soluble HLA-G by day 3 human embryos
associated with higher pregnancy and implantation rates: assay of culture media using
a new ELISA kit. Reprod Biomed Online. 2006;13(2):272-7.

Rebmann V, Switala M, Eue I, Schwahn E, Merzenich M, Grosse-Wilde H. Rapid
evaluation of soluble HLA-G levels in supernatants of in vitro fertilized embryos. Hum
Immunol. 2007;68(4):251-8.

Sargent |, Swales A, Ledee N, Kozma N, Tabiasco J, Le Bouteiller P. sHLA-G
production by human IVF embryos: can it be measured reliably? J Reprod Immunol.
2007;75(2):128-32.

Vercammen MJ, Verloes A, Van de Velde H, Haentjens P. Accuracy of soluble human
leukocyte antigen-G for predicting pregnancy among women undergoing infertility
treatment: meta-analysis. Hum Reprod Update. 2008;14(3):209-18.

Kotze D, Kruger TF, Lombard C, Padayachee T, Keskintepe L, Sher G. The effect of
the biochemical marker soluble human leukocyte antigen G on pregnancy outcome in
assisted reproductive technology-a multicenter study. Fertil Steril. 2013;100(5):1303-
9.

Rebmann V, Lemaoult J, Rouas-Freiss N, Carosella ED, Grosse-Wilde H. Report of
the Wet Workshop for Quantification of Soluble HLA-G in Essen, 2004. Hum Immunol.
2005;66(8):853-63.

Cohen J, Inge KL, Suzman M, Wiker SR, Wright G. Videocinematography of fresh and
cryopreserved embryos: a retrospective analysis of embryonic morphology and
implantation. Fertil Steril. 1989;51(5):820-7.

Wright G, Wiker S, Elsner C, Kort H, Massey J, Mitchell D, et al. Observations on the
morphology of pronuclei and nucleoli in human zygotes and implications for
cryopreservation. Hum Reprod. 1990;5(1):109-15.

Payne D, Flaherty SP, Barry MF, Matthews CD. Preliminary observations on polar
body extrusion and pronuclear formation in human oocytes using time-lapse video
cinematography. Hum Reprod. 1997;12(3):532-41.

Lemmen JG, Agerholm I, Ziebe S. Kinetic markers of human embryo quality using
time-lapse recordings of IVF/ICSI-fertilized oocytes. Reprod Biomed Online.
2008;17(3):385-91.

Familiari G, Heyn R, Relucenti M, Sathananthan H. Structural changes of the zona
pellucida during fertilization and embryo development. Front Biosci. 2008;13:6730-51.
Meseguer M, Rubio I, Cruz M, Basile N, Marcos J, Requena A. Embryo incubation
and selection in a time-lapse monitoring system improves pregnancy outcome
compared with a standard incubator: a retrospective cohort study. Fertil Steril.
2012;98(6):1481-9 e10.

2927



117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

British Journal of Medicine & Medical Research, 4(15): 2910-2930, 2014

Rubio I, Kuhlmann R, Agerholm I, Kirk J, Herrero J, Escriba MJ, et al. Limited
implantation success of direct-cleaved human zygotes: a time-lapse study. Fertil
Steril. 2012;98(6):1458-63.

Mastenbroek S, Twisk M, van Echten-Arends J, Sikkema-Raddatz B, Korevaar JC,
Verhoeve HR, et al. In vitro fertilization with preimplantation genetic screening. N Engl|
J Med. 2007;357(1):9-17.

Kallioniemi A, Kallioniemi OP, Sudar D, Rutovitz D, Gray JW, Waldman F, et al.
Comparative genomic hybridization for molecular cytogenetic analysis of solid tumors.
Science. 1992;258(5083):818-21.

Voullaire L, Wilton L, Slater H, Williamson R. Detection of aneuploidy in single cells
using comparative genomic hybridization. Prenat Diagn. 1999;19(9):846-51.

Wells D, Sherlock JK, Handyside AH, Delhanty JD. Detailed chromosomal and
molecular genetic analysis of single cells by whole genome amplification and
comparative genomic hybridisation. Nucleic Acids Res. 1999;27(4):1214-8.

Hu DG, Webb G, Hussey N. Aneuploidy detection in single cells using DNA array-
based comparative genomic hybridization. Mol Hum Reprod. 2004;10(4):283-9.

Wells D SN, Chu L, Weier U, Cohen J and Munné S. Recent Advances in Prenatal
Genetic Papp Z RC, editor. Bologna: Medimond; 2004.

Le Caignec C, Spits C, Sermon K, De Rycke M, Thienpont B, Debrock S, et al. Single-
cell chromosomal imbalances detection by array CGH. Nucleic Acids Res.
2006;34(9):e68.

Treff NR, Su J, Tao X, Levy B, Scott RT, Jr. Accurate single cell 24 chromosome
aneuploidy screening using whole genome amplification and single nucleotide
polymorphism microarrays. Fertil Steril. 2010;94(6):2017-21.

Treff NR, Tao X, Schilings WJ, Bergh PA, Scott RT, Jr., Levy B. Use of single
nucleotide polymorphism microarrays to distinguish between balanced and normal
chromosomes in embryos from a translocation carrier. Fertil Steril. 2011;96(1):58-65.
Treff NR, Tao X, Ferry KM, Su J, Taylor D, Scott RT, Jr. Development and validation
of an accurate quantitative real-time polymerase chain reaction-based assay for
human blastocyst comprehensive chromosomal aneuploidy screening. Fertil Steril.
2012;97(4):819-24.

Treff NR, Scott RT, Jr. Four-hour quantitative real-time polymerase chain reaction-
based comprehensive chromosome screening and accumulating evidence of
accuracy, safety, predictive value, and clinical efficacy. Fertil Steril. 2013
15;99(4):1049-53.

Baruch S, Kaufman DJ, Hudson KL. Preimplantation genetic screening: a survey of in
vitro fertilization clinics. Genet Med. 2008;10(9):685-90.

Staessen C, Verpoest W, Donoso P, Haentjens P, Van der Elst J, Liebaers |, et al.
Preimplantation genetic screening does not improve delivery rate in women under the
age of 36 following single-embryo transfer. Hum Reprod. 2008;23(12):2818-25.
Hardarson T, Hanson C, Lundin K, Hillensjo T, Nilsson L, Stevic J, et al.
Preimplantation genetic screening in women of advanced maternal age caused a
decrease in clinical pregnancy rate: a randomized controlled trial. Hum Reprod.
2008;23(12):2806-12.

Li M, DeUgarte CM, Surrey M, Danzer H, DeCherney A, Hill DL. Fluorescence in situ
hybridization reanalysis of day-6 human blastocysts diagnosed with aneuploidy on day
3. Fertil Steril. 2005;84(5):1395-400.

Northrop LE, Treff NR, Levy B, Scott RT, Jr. SNP microarray-based 24 chromosome
aneuploidy screening demonstrates that cleavage-stage FISH poorly predicts
aneuploidy in embryos that develop to morphologically normal blastocysts. Mol Hum
Reprod. 2010;16(8):590-600.

2928



134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

British Journal of Medicine & Medical Research, 4(15): 2910-2930, 2014

Malmgren H, Sahlen S, Inzunza J, Aho M, Rosenlund B, Fridstrom M, et al. Single cell
CGH analysis reveals a high degree of mosaicism in human embryos from patients
with balanced structural chromosome aberrations. Mol Hum Reprod. 2002;8(5):502-
10.

Sher G, Keskintepe L, Keskintepe M, Maassarani G, Tortoriello D, Brody S. Genetic
analysis of human embryos by metaphase comparative genomic hybridization
(mCGH) improves efficiency of IVF by increasing embryo implantation rate and
reducing multiple pregnancies and spontaneous miscarriages. Fertil Steril.
2009;92(6):1886-94.

Handyside AH, Harton GL, Mariani B, Thornhill AR, Affara N, Shaw MA, et al.
Karyomapping: a universal method for genome wide analysis of genetic disease
based on mapping crossovers between parental haplotypes. J Med Genet.
2010;47(10):651-8.

Obradors A, Fernandez E, Rius M, Oliver-Bonet M, Martinez-Fresno M, Benet J, et al.
Outcome of twin babies free of Von Hippel-Lindau disease after a double-factor
preimplantation genetic diagnosis: monogenetic mutation analysis and comprehensive
aneuploidy screening. Fertil Steril. 2009;91(3):933 e1-7.

Fragouli E, Escalona A, Gutierrez-Mateo C, Tormasi S, Alfarawati S, Sepulveda S, et
al. Comparative genomic hybridization of oocytes and first polar bodies from young
donors. Reprod Biomed Online. 2009;19(2):228-37.

Wilton L, Williamson R, McBain J, Edgar D, Voullaire L. Birth of a healthy infant after
preimplantation confirmation of euploidy by comparative genomic hybridization. N
Engl J Med. 2001;345(21):1537-41.

Schoolcraft WB, Fragouli E, Stevens J, Munne S, Katz-Jaffe MG, Wells D. Clinical
application of comprehensive chromosomal screening at the blastocyst stage. Fertil
Steril. 2010;94(5):1700-6.

Zheng WT, Zhuang GL, Zhou CQ, Fang C, Ou JP, Li T, et al. Comparison of the
survival of human biopsied embryos after cryopreservation with four different methods
using non-transferable embryos. Hum Reprod. 2005;20(6):1615-8.

Mukaida T, Nakamura S, Tomiyama T, Wada S, Oka C, Kasai M, et al. Vitrification of
human blastocysts using cryoloops: clinical outcome of 223 cycles. Hum Reprod.
2003;18(2):384-91.

Zhang X, Trokoudes KM, Pavlides C. Vitrification of biopsied embryos at cleavage,
morula and blastocyst stage. Reprod Biomed Online. 2009 Oct;19(4):526-31.

Wells D. Advances in preimplantation genetic diagnosis. Eur J Obstet Gynecol Reprod
Biol. 2004;115 Suppl 1:S97-101.

Treff NR, Levy B, Su J, Northrop LE, Tao X, Scott RT, Jr. SNP microarray-based 24
chromosome aneuploidy screening is significantly more consistent than FISH. Mol
Hum Reprod. 2010;16(8):583-9.

Landwehr C, Montag M, van der Ven K, Weber RG. Rapid comparative genomic
hybridization protocol for prenatal diagnosis and its application to aneuploidy
screening of human polar bodies. Fertil Steril. 2008 Sep;90(3):488-96.

Traversa MV, Marshall J, McArthur S, Leigh D. The genetic screening of
preimplantation embryos by comparative genomic hybridisation. Reprod Biol. 2011;11
3:51-60.

Traversa MV, Carey L, Leigh D. A molecular strategy for routine preimplantation
genetic diagnosis in both reciprocal and Robertsonian translocation carriers. Mol Hum
Reprod. 2010;16(5):329-37.

Vanneste E, Voet T, Le Caignec C, Ampe M, Konings P, Melotte C, et al.
Chromosome instability is common in human cleavage-stage embryos. Nat Med.
2009;15(5):577-83.

2929



150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

British Journal of Medicine & Medical Research, 4(15): 2910-2930, 2014

Treff NR, Northrop LE, Kasabwala K, Su J, Levy B, Scott RT, Jr. Single nucleotide
polymorphism microarray-based concurrent screening of 24-chromosome aneuploidy
and unbalanced translocations in preimplantation human embryos. Fertil Steril.
2011;95(5):1606-12 el-2.

Treff NR, Su J, Tao X, Northrop LE, Scott RT, Jr. Single-cell whole-genome
amplification technique impacts the accuracy of SNP microarray-based genotyping
and copy number analyses. Mol Hum Reprod. 2011;17(6):335-43.

Hellani A, Abu-Amero K, Azouri J, El-Akoum S. Successful pregnancies after
application of array-comparative genomic hybridization in PGS-aneuploidy screening.
Reprod Biomed Online. 2008;17(6):841-7.

Fishel S, Gordon A, Lynch C, Dowell K, Ndukwe G, Kelada E, et al. Live birth after
polar body array comparative genomic hybridization prediction of embryo ploidy-the
future of IVF? Fertil Steril. 2010;93(3):1006 e7- e10.

Rius M, Obradors A, Daina G, Cuzzi J, Marques L, Calderon G, et al. Reliability of
short comparative genomic hybridization in fibroblasts and blastomeres for a
comprehensive aneuploidy screening: first clinical application. Hum Reprod.
2010;25(7):1824-35.

Fragouli E, Alfarawati S, Daphnis DD, Goodall NN, Mania A, Griffiths T, et al.
Cytogenetic analysis of human blastocysts with the use of FISH, CGH and aCGH:
scientific data and technical evaluation. Hum Reprod. 2011;26(2):480-90.
Gutierrez-Mateo C, Colls P, Sanchez-Garcia J, Escudero T, Prates R, Ketterson K, et
al. Validation of microarray comparative genomic hybridization for comprehensive
chromosome analysis of embryos. Fertil Steril. 2011;95(3):953-8.

Fiorentino F, Spizzichino L, Bono S, Biricik A, Kokkali G, Rienzi L, et al. PGD for
reciprocal and Robertsonian translocations using array comparative genomic
hybridization. Hum Reprod. 2011;26(7):1925-35.

Mertzanidou A, Wilton L, Cheng J, Spits C, Vanneste E, Moreau Y, et al. Microarray
analysis reveals abnormal chromosomal complements in over 70% of 14 normally
developing human embryos. Hum Reprod. 2013;28(1):256-64.

Scriven PN, Bossuyt PM. Diagnostic accuracy: theoretical models for preimplantation
genetic testing of a single nucleus using the fluorescence in situ hybridization
technique. Hum Reprod. 2010;25(10):2622-8.

Mastenbroek S, van der Veen F, Aflatoonian A, Shapiro B, Bossuyt P, Repping S.
Embryo selection in IVF. Hum Reprod. 2011;26(5):964-6.

Wikland M, Hardarson T, Hillensjo T, Westin C, Westlander G, Wood M, et al.
Obstetric outcomes after transfer of vitrified blastocysts. Hum Reprod.
2010;25(7):1699-707.

Scott RT, Jr. Ferry K, Su J, Tao X, Scott K, Treff NR. Comprehensive chromosome
screening is highly predictive of the reproductive potential of human embryos: a
prospective, blinded, nonselection study. Fertil Steril. 2012;97(4):870-5.

Forman EJ, Tao X, Ferry KM, Taylor D, Treff NR, Scott RT, Jr. Single embryo transfer
with comprehensive chromosome screening results in improved ongoing pregnancy
rates and decreased miscarriage rates. Hum Reprod. 2012;27(4):1217-22.

© 2014 Kotze et al.; This is an Open Access article 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.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=455&id=12&aid=3926

2930




