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Problem

Implantation failure is common in women with advanced maternal age,

partly because of the increased number of aneuploid embryos. These

women constitute the majority of patients for IVF treatment. As multi-

ple pregnancies is a major hazard of preterm delivery, the aim is to

select a competent embryo for single transfer. This study reviews cur-

rently used methods for selecting the competent embryo.

Method of the study

Literature search.

Results

The clinical value of currently used tests, for example pre-implantation

genetic screening for aneuploidy, embryo morphology, morphokinetic

measurements, extended culture to the blastocyst stage, as well as anal-

ysis of the follicular fluid and amino acid and glucose metabolism as

well as oxygen consumption in embryo culture media, are discussed.

Conclusion

Several approaches look promising, but the clinical value of these is yet

to be confirmed in randomized clinical trials. Furthermore, some of the

methods are too complicated for routine clinical application.

Introduction

Implantation requires an interaction between the

embryo and the maternal endometrium. The effi-

ciency of embryo implantation is surprisingly low in

humans. This can either be attributed to the high

rate of chromosomally abnormal embryos, or to

uterine factors, if the embryo is chromosomally nor-

mal. The incidence of aneuploidy in human embryos

is estimated to be ten times higher than in other

mammalian species. The percentage of aneuploid

embryos increases with maternal age, reaching 80%

over the age of 40,1–4 and many of these chromoso-

mally abnormal embryos fail to implant,5–9 which

explains that according to a rather conservative esti-

mate, only 50% of human conceptions will result in

pregnancy.10

The role of the endometrium

Successful implantation of the embryo depends on

both maternal and embryonic factors, while there is

a mutual interaction between the embryonic and

the endometrial side. Earlier data11,12 suggest that

embryo-derived signals influence the functioning of

the maternal immune system, which might eventu-

ally lead to an altered immune balance, and enable

the survival of the immunologically incompatible

foetus. Indeed, a large number of cytokines and

chemokines, for example IL-11, leukaemia inhibitory

factor (LIF), the TGF superfamily including the col-

ony-stimulating factors (CSF), IL-1 and IL-15, are

expressed during placentation and implantation.

Furthermore, the expression of these molecules is

spatially and temporarily regulated. All of these have
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well-established roles in the process, and dysregula-

tion of expression or action of these cytokines results

in implantation failure.13

In humans, implantation of a fertilized egg occurs

between 6 and 12 days after ovulation during the

implantation window, when the endometrium is

receptive. Endometrial decidualization is character-

ized by the transformation of stromal fibroblasts into

secretory decidual cells.14 In humans, hormonal trig-

gers induce decidualization during each menstrual

cycle. If the fertilized ovum implants, hCG secreted

by the embryo will maintain the corpus luteum,

otherwise, in the absence of a continuous proges-

terone supply, the endometrium will shed. There-

fore, those embryos, which do not produce hCG,

will not be able to maintain the decidua. This obser-

vation prompted the concept of the biosensor role of

the endometrium,15 implying that the endometrium

deselects incompetent embryos and allows implanta-

tion of good embryos only. This concept is well sup-

ported by the finding that co-culture of blastocysts

of impaired morphology with decidualized endome-

trial stromal cells (but not with undifferentiated stro-

mal cells) strongly inhibited the secretion of many

important pro-implantation molecules, for example

IL-1b, IL-6, IL-10, IL-17 and IL-18, as well as of C-C

motif chemokine 11 (CCL11) and heparin-binding

EGF-like growth factor (HB-EGF), while morphologi-

cally good embryos had little impact.16 The above

effects were caused by soluble factors, as pooled cul-

ture media from low-quality embryos downregulated

449 maternal genes, in contrast to 15 decidual genes

affected by pooled media from competent embryos.17

However, when mouse uteri were flushed with

pooled culture media of competent embryos,

one-third of the induced genes were found to code

for known implantation factors, suggesting that

the selective role of the decidua is not solely

negative.17–20

The role of the embryo

The embryo constitutes the other side of the picture.

Ideally, a competent embryo should have good

chances to implant into a receptive endometrium.

However, the quality of the eggs is related to the age

of the mother. Women in developed countries tend

to build their careers first and attempt to have a

baby at a more advanced age. Because of the

increased number of aneuploid embryos, implanta-

tion failure is very common in these women.

Aneuploidy originates during cell division when

the chromosomes do not separate properly between

the two cells. It can result from non-disjunction in

meiosis I.21,22 or premature separation of sister chro-

matids.

In an attempt to increase the chances of preg-

nancy in infertile women, many IVF centres transfer

more than one embryo. This in turn also increases

the hazard of twin pregnancies. As multiple preg-

nancies are among the most common causes of pre-

term birth, together with the increased risk for

prematurity, it would be crucial to select the embryo

that is most likely to implant and transfer that par-

ticular embryo only.

Methods for selecting competent embryos

Embryo Morphology

Many laboratories select embryos by morphological

criteria, with the use of a semi-quantitative scoring

system based on the number of blastomeres and

embryo quality.23–25 The results are inconsistent and

do not necessarily reflect the implantation potential

of the embryo. Inconsistency is due to subjectivity of

the evaluation, as well as to variations in the timing

of assessment.26

Compared with this, morphokinetic measurements

provide more reliable data.

The major advantage of time-lapse imaging is that

development is maintained in a closed system with-

out subjecting the embryo to changes of environ-

ment, which is inevitable, when embryo

morphology is assessed by conventional means.27

Based on several parameters, algorithms have been

developed for identifying competent embryos.28

The results seem promising. Analysis of retrospec-

tive data by Meseguer et al.29 indicated that cultur-

ing and selecting embryos by time-lapse imaging

significantly improved the relative probability of

clinical pregnancy. The elevated clinical pregnancy

rate was attributed to a combination of stable culture

conditions and the use of morphokinetic parameters

for embryo selection.29 Similar results were reported

by Campbell et al.30.

Some studies involving a limited number of patients

have even shown a correlation between aneuploidy

and various morphokinetic parameters.28,31–33

However, all of these studies used different morphoki-

netic parameters for predicting chromosomal abnor-

malities.34
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A recent longitudinal study using 455 blastocysts

from 138 patients did not confirm these results and

concluded that morphokinetic features of pre-

implantation development did not correlate with

aneuploidy.35

Pre-Implantation Genetic Screening for

Aneuploidy

In women of advanced maternal age who constitute

the majority of IVF patients, the proportion of aneu-

ploid embryos can exceed 60%, which explains the

60% aneuploidy rate of in vitro-produced embryos.36

Pre-implantation genetic screening aims to exclude

aneuploid embryos before transfer, and to improve

thereby the implantation rate. Several genetic testing

techniques (such as fluorescent in situ hybridization

analysis, comparative genomic hybridization,

microarray-based, multiplex real-time polymerase

chain reactions, digital PCR, real-time PCR, single

nucleotide polymorphism and next-generation

sequencing have been developed to identify chromo-

somally normal embryos in vitro, with the aim of

selecting an euploid embryo for single transfer. Inva-

sive genetic testing involves certain risks, as biopsy

might negatively influence further development of

the embryo.27 Generally, three different kinds of

samples – representing different developmental

stages of the embryo – are used for aneuploidy

screening. All of these have their advantages and

pitfalls.

Polar body biopsy can be considered non-invasive

as it does not affect the embryo. Furthermore, it pro-

vides the earliest sample, consequently more time

for testing. However, in the majority of polar body

abnormalities, it is impossible to tell whether the

embryo is euploid or aneuploid; thus, there is a high

chance for misdiagnosis.21,22

Because biopsy of the 3-day cleavage embryo occurs

after the completion of meiosis, meiotic errors of

both parents should be detected. Embryo biopsy

may also detect some mitotic errors, while major

limitation of a correct diagnosis at this stage is

embryonic mosaicism.37 On the other hand, a major

disadvantage of testing at this stage is that removing

one of the blastomeres might affect further develop-

ment of the embryo. Indeed, biopsies at day 3 cleav-

age stage have been shown to significantly impair

implantation potential.38

However, a randomized controlled trial has shown

that blastocyst biopsy at day 5–6 with comprehen-

sive chromosome screening and fresh embryo trans-

fer significantly increases in vitro fertilization

implantation and delivery rates.39

Trophectoderm biopsy on day 5 to 6 has no adverse

effect on the embryos. While biopsy at the cleavage

stage may reduce implantation rates from 50 to

30%, biopsy at the blastocyst stage does not affect

implantation potential.21,40 However, day 5–6 is too

late for performing the test before fresh transfer.

The beneficial effect of pre-implantation genetic

screening has not been proved so far. Although ini-

tial studies revealed a favourable effect on implanta-

tion and pregnancy rates, recent randomized

controlled trials have not been able to confirm

this.22 The negative results can be due to the fact

that because of chromosomal mosaicism, the blas-

tomere analysed does not reflect the situation in the

whole embryo.39 Indeed, most of the randomized

trials were performed on cleavage-stage embryos,

and aside from the fact that there is a high level of

chromosomal mosaicism at this stage, cleavage-stage

embryos are most vulnerable to invasive interven-

tions. Therefore, the biopsy itself might have con-

tributed to the failure to show positive results.

Non-Invasive Methods

If the embryo is cultured in vitro till it develops into

blastocyst, the developmental uncertainties of cleav-

age-stage embryo development can be eliminated.

Furthermore, the implantation potential of the blas-

tocyst seems to be better than that of cleavage-stage

embryos. A single-blastocyst transfer is much more

likely to result in a singleton live birth than transfer

of a single good-quality cleavage-stage embryo on

day 3.41 Therefore, simply allowing the embryo to

reach the blastocyst stage might improve the implan-

tation rate in a fresh transfer. On the other hand,

blastocyst is more vulnerable during freezing; fur-

thermore, although there is no evidence for this in

humans, animal studies demonstrated epigenetic

effects during an extended culture.42,43

Analysis of the Follicular Fluid and Embryo

Culture Media

The advantage of these approaches is their non-inva-

sive nature. Various substances in the follicular fluid

have been related to pregnancy outcome.44–46 An

interesting study suggests that monitoring follicular

fluid granulocyte colony-stimulating factor (G-CSF)
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for the selection of embryos with a better implanta-

tion potential might improve the efficiency of

assisted reproduction. During this trial, follicular

fluid G-CSF was measured with Luminex technology

in 523 individual follicular fluid samples from 78

patients undergoing intracytoplasmic sperm injection

(ICSI). The results showed that follicular G-CSF con-

centrations were highly predictive of subsequent

implantation.47 Yet up to now neither G-CSF nor

other follicular fluid markers have been routinely

used for embryo selection in clinical practice.

Analysis of embryo culture media is based on the sup-

posedly different metabolic activity of competent

and impaired embryos. This would be reflected by

the amount of certain molecules consumed from or

released to the culture medium during develop-

ment.48 Research has focussed on amino acid49 and

glucose metabolism48–50 as well as oxygen consump-

tion.51

Recently, Monstko et al.52 reported a 100% identi-

fication of non-viable embryos by the presence of a

haptoglobin fragment in embryo culture medium.

Although only 55% of successfully implanting

embryos could be identified, this would still be a use-

ful tool for embryo selection, but liquid chromatogra-

phy together with mass spectrometry can hardly be

expected to become available for routine use in IVF

centres. The same problem, for example the need for

special equipments and expertise to perform the tests,

applies to the other approaches mentioned above.

Summary and conclusions

Handling the increasing rate of infertility requires

adequate methods to select the embryo which is

most likely to implant. The practice of transferring

two or three embryos not only increases the chance

of pregnancy, but also that of multiple pregnancies,

the latter being one of the main causes of preterm

birth. The ideal situation would be a single transfer

of a well-characterized embryo with a high implan-

tation potential. Recently, enormous efforts have

been devoted to finding the appropriate method to

identify the competent embryo. The methods that

have been suggested so far are summarized in

Table I.

Selection based on the morphological features of

the embryo – still used in many laboratories – gives

rather subjective results. Morphokinetic measure-

ments provide more objective data. By time-lapse

imaging, the development of the embryo can be

observed in a closed system, and thus, in contrast to

morphological evaluation, the culture conditions are

stable. Some studies reported an elevated pregnancy

rate when morphokinetic parameters were used for

embryo selection, yet large randomized trials are still

missing.

In spite of its invasive nature, pre-implantation

genetic screening for aneuploidy looked very promis-

ing. It is very logical that excluding aneuploid

embryos should increase the pregnancy rate. How-

ever, although the initial (non-randomized) studies

suggested a favourable effect, recent randomized tri-

als did not support this.

This can be partly explained by the invasiveness of

the method itself, because biopsy might negatively

influence further development of the embryo.

Another explanation is the inherent problems in

testing embryos at different stages of development.

Although polar body testing is considered non-inva-

sive as it does not directly affect the embryo, there is

a high chance for misdiagnosis. Results from 3-day

cleavage embryos are more informative, but because

of a high rate of embryonic mosaicism at this stage,

the diagnosis is often incorrect.

Table I Methods for Assessing Embryo Quality

Advantages Disadvantages

Embryo

morphology

Inexpensive, easy to

perform, routine

procedure in

many laboratories

Subjective, no proven

correlation with

embryo quality

Time-lapse

imaging

Stable culture conditions Not enough data to

prove its benefitsDynamic measurements

Polar body

biopsy

Non-invasive Reflects only the

maternal side.

High incidence

of misdiagnosis

Biopsy of

cleavage-stage

embryo

Detects meiotic

errors of

both partners

Invasive and might

affect embryo

development

Cannot handle

embryonic

mosaicism

Trophectoderm

biopsy

Non-invasive Too late for

fresh transfer

Analysis of

follicular fluid

Non-invasive No randomized trials

Analysis of

embryo

culture media

Non-invasive Complicated,

time-consuming

methods

No randomized trials
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The ideal test should be non-invasive, simple and

quick, so that it could be performed before fresh

transfer. This would imply detecting changes in the

spent embryo culture medium that would reflect the

physiological state of the embryo. Unfortunately,

tests detecting the glucose or amino acid metabolism

or oxygen consumption of the embryo require

sophisticated equipment and thus are not suitable

for high-throughput routine screening. Determina-

tion of G-CSF in follicular fluid looks promising. The

measurement is easy to perform, results can be

obtained within a reasonable time, and a recent

study performed on more than 500 samples revealed

a good correlation between follicular fluid G-CSF

concentrations and implantation.

Despite a plethora of good ideas and high number

of clinical studies, there is no way at present to tell

with certainty, which embryo should be selected for

transfer. Several of the methods are promising, but

most of them are still experimental. Randomized

clinical studies are needed to confirm the usefulness

of these tests before they can be put to use in every-

day practice.
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