
Introduction
 The goal of Medically Assisted Reproduction (MAR) is to 
achieve a healthy single birth. Since 1990, various methods have 
been developed that allow the genetic evaluation of pre-implantation  
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embryos. These techniques have been used to avoid the transmission 
of a single gene disorder or to select euploid embryos for uterine 
transfer to increase the chance of ongoing pregnancy rate. All past and 
current Preimplantation Genetic Testing (PGT) methods have relied 
upon sampling genetic material from the oocytes/zygotes or embryos/
blastocysts. However, the techniques for biopsy are invasive and not 
entirely risk-free [1]. Additionally, such methods carry costs regard-
ing the need to purchase special equipment and hiring highly skilled 
embryologists for this technique increases the staffing costs.

 Given the complexity consolidated with invasive embryo biop-
sy technique, it is not surprising that the recent discovery of DNA 
in embryo culture media, and also in the fluid filling the blastocoel 
cavity of blastocysts, has ignited excitement about the possibility of 
non-invasive PGT (niPGT) [2]. Ongoing studies are trying to reveal 
whether this DNA is a reliable source of information about the em-
bryo’s genetic status. If accurate PGT proves possible, less invasive 
approaches based on ‘extra-embryonic’ DNA may provide a more 
straightforward, safer, and cost-effective approach to invasive PGT.

Pre-Implantation Genetic Testing (PGT)

 The outcome of chromosome number errors in the post-implanta-
tion development is unknown, but they are increasingly recognized as 
physiological events in the early pre-implantation embryo with many 
corrective mechanisms in place [3]. To improve clinical outcomes, the 
increasing precision of screening methods should be used to investi-
gate the effect of such interventions within extensive research initia-
tives. PGT was first used in Medically Assisted Reproduction (MAR), 
and it has since become a standard method for examining embryo an-
euploidy and genetic disorders in embryos all over the world [4-6] by 
sifting out embryos with abnormal chromosome numbers. PGT was 
subdivided into PGT-M (monogenic disorder), PGT-SR (structural 
rearrangements), which induces miscarriage, and PGT-A (aneuploidy 
screening). Preimplantation genetic testing-monogenic is restricted to 
specific gene disorders, whereas preimplantation genetic testing-an-
euploidy is a more comprehensive test that looks for aneuploidy in all 
chromosomes, such as the 22 pairs of autosomal chromosomes and 
the sex chromosomes X and Y. Preimplantation genetic testing-struc-
tural rearrangements are used to screen embryos for chromosome 
gains and losses caused by parental structural chromosomal abnor-
malities as translocations, inversions, deletions and insertions [7].

 Historically, it was first used by Handyside et al in the United 
Kingdom to sex embryos in 1990, and the X-linked recessive disease 
transmissions were prevented by selection of female embryos [8]. In 
the United States, the first successful PGT for Tay-Sachs disease was 
performed in 1995 [9]. Until about 2010, cleavage stage embryo bi-
opsy and Fluorescent In Situ Hybridization (FISH) were common; 
however, Trophectoderm (TE) biopsy became prevalent in 2012 [10]. 
Furthermore, array Comparative Genomic Hybridization (aCGH) 
was used for analysis, which evolved into Next Generation Sequenc-
ing (NGS), which is now used globally [11].
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Abstract
 Preimplantation Genetic Testing (PGT) has been performed 
worldwide since 1990 to reveal the sex of the embryos. Until 2010, 
blastomere biopsy and Fluorescent In Situ Hybridization (FISH) were 
standard; however, in 2012, trophectoderm biopsy became predom-
inant. Initially, array Comparative Genomic Hybridization (aCGH) 
was used for analysis and further evolved to Next-Generation Se-
quencing (NGS), which is used worldwide. Recently non-invasive 
preimplantation Genetic Testing (ni-PGT) approach arose from the 
discovery of embryonic DNA in spent embryo culture medium, con-
sidering that such methodology would be crucial progress in medi-
cally assisted reproduction. In this review, we made a summary of 
the techniques used in embryo genetic testing from past to present.
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Pre-implantation genetic testing
Invasive techniques

 Even though there are many controversial opinions within these 
techniques, invasive biopsy methods are still widely used in PGT. Po-
lar Body (PB) biopsy, blastomere biopsy and trophectoderm biopsy 
can be categorized under invasive techniques. The samples obtained 
with these techniques have been analyzed by FISH, PCR, aCGH and 
NGS methods from past to present, and they have made important 
progress in the development of PGT.

Polar Body (PB) biopsy

 Polar body diagnosis (PBD) is an indirect genetic analysis of oo-
cytes. Polar bodies are derivatives of the meiotic cell cycle with no 
actual impact on embryo development. PBD cannot detect the pater-
nal contribution to the genetic make-up of the developing embryo. 
The detection of maternally derived chromosomal aneuploidies and 
translocations in oocytes is the primary application of PBD [12]. The 
growing interest in PB biopsy and diagnosis has sparked additional 
research into the technology’s versatility. The first and second PB can 
be removed separately or simultaneously. In the case of fragmentation, 
it can be difficult to distinguish first PB (PB1) and second PB (PB2) 
or to accurately separate PB1 and PB2 during a simultaneous biopsy. 
Recent polarization microscopy studies have revealed that some oo-
cytes with a PB1 may still be in telophase I due to the presence of a 
connective spindle strand between the PB1 and the oocyte [13]. This 
type of spindle bridge is meiotic division remnant that occurs during 
the formation of PB1 as well as at the end of the second meiotic divi-
sion after the extrusion of the PB2.Too early biopsy increases the risk 
of spindle remnants in the second PB, while too late biopsy results in 
a PB1 that has already begun to disintegrate or degenerate [14]. The 
use of Single-Nucleotide Polymorphism (SNP)-based heterozygosity 
analysis could aid in the identification and differentiation of PB1 and 
PB2 [15]. In terms of PB isolation for array-CGH, the timing of PB2 
biopsy appears to influence amplification results. It was reported that 
too early PB2 biopsy may reduce amplification efficiency slightly, but 
that this effect vanished after adjusting to later biopsy times [16,17].

 The interpretation of FISH results with the PB approach is a major 
issue, particularly for PB1. Whereas PB2 formation and aging can be 
precisely controlled because the time point of injection initiates the 
course of PB2 extrusion, this is not the case with PB1.The majority of 
oocytes are already in metaphase II at the time of ovum pickup, but it 
is unknown when PB1 was extruded and how long the chromatin of 
PB1 has been prone to aging [18]. Given the high cost of array-CGH, 
the economic impact of PB biopsy must also be considered. Because 
both PBs must be analyzed separately, costs are doubled. With the 
use of FISH and array-CGH, PB biopsy has been shown [18,19] to 
be sufficiently effective for the diagnosis of structural and numeric 
chromosomal abnormalities in human oocytes. Nonetheless, the use 
of PB biopsy and array-CGH for PGT remains controversial due to 
cost-effectiveness, the high prevalence of post-meiotic aneuploidies 
that are undetectable by the PB approach, and questionable precision 
[20,21].

Blastomere stage biopsy

 Blastomere biopsy for PGD is an invasive procedure that involves 
disrupting cell adhesion and breaching the zona pellucida, then as-
pirating one or two blastomeres from cleavage-stage embryos. Fol-
lowing the biopsy, the biopsied blastomeres are sent for single cell  

DNA analysis to screen for a disease-causing mutation and numerous 
flanking polymorphism markers to help identify the allele (maternal 
or paternal) that the embryo had inherited. Fluorescence In Situ Hy-
bridization (FISH), one of the PGD technologies, is crucial to its suc-
cess and is frequently employed to analyze the chromosomal comple-
ment in cells. The fundamental idea behind FISH is the homologous 
complementary hybridization of two single-stranded nucleic acids. To 
identify and analyze the number and makeup of chromosomes in a 
single cell, FISH uses fluorescently labeled and chromosome-specific 
DNA probes [22].The method caused an earlier compaction and pro-
duced signs of developmental delay in both mouse and human embry-
os, according to studies utilizing static assessment of mouse embryos 
after blastomere biopsy [23-26]. In early studies, there is a widely 
cited investigation by Hardy et al., stated that reimplantation devel-
opment does not appear to be impacted by blastomere biopsy at the 
eight-cell stage, and although the embryo’s metabolism and cell count 
are both decreased, these changes are proportional to the embryo’s 
decreased cellular mass [27].

 Therefore, Scott et al. reported that cleavage-stage biopsies result-
ed in a considerable reduction in implantation potential [1]. Similarly, 
according to a study published by Kirkegaard et al., [28] showed that 
the removal of the blastomeres elongates the period of the precise cell 
stage at which the biopsy was carried out, allowing the biopsied em-
bryos to advance to succeeding embryonic stages at noticeably later 
times. As a result, the biopsied embryos’ compaction and blastulation 
times were later than those of the non-biopsied control embryos. To 
extend the validation of these results, in 2016, Bar-El et al., investi-
gated another study and revealed that blastomere biopsy delays the 
compaction and the blastulation of the embryos, leading to a decrease 
in implantation [29]. It is not surprising that Mastenbroek and col-
leagues noted the failure of PGT when performed by 9-chromosome 
FISH on biopsied blastomere given the amount of studies demonstrat-
ing the ineffectiveness and probable impairment of cleavage stage 
biopsy in their review and meta-analysis [30,31]. Furthermore, the 
first and most extensively used method for analyzing PGT-A chromo-
somes, Fluorescence In Situ Hybridization (FISH), can only evaluate 
5 to 12 chromosomes at once [32]. Additionally, signal overlapping, 
signal splitting, signal diffusion, and probe inefficiency invariably re-
duced FISH accuracy [33-35].

Trophectoderm (TE) biopsy: PGT v1.0

 Since the introduction of the Comprehensive Chromosom-
al Screening (CCS) technology, TE biopsy for PGT has become a 
popular treatment option for PGT-A [36]. Kokkali et al., suggested 
[37] performing embryo biopsy in the blastocyst stage rather than the 
cleavage stage, when mosaicism is widespread, and few cells may be 
recovered for chromosomal analysis [38]. Potential for misdiagnosis 
because of mosaic embryos has been brought up as a concern in PGT. 
Magli et al., [39] and Josien et al., [40] maintain that the status of 
aneuploidy and other types of mosaicism do not alter in the inner cell 
mass or trophectoderms of a blastocyst, despite other studies suggest-
ing that the trophectoderms of blastocysts are frequently present with 
mosaicism. According to this claim, trophectoderms can be harvested 
to diagnose the entire embryo (Figure 1). The capacity to extract more 
cells from a blastocyst is its largest advantage. PGT-A involves the 
biopsy of 5-6 Trophectoderm (TE) cells (comprising of approximate-
ly 3% of total TE cells) from a day-5/6 blastocyst stage embryo [41]. 
The test requires a sample of between five and eight cells to deter-
mine a loss of around 10% of all the cells comprising the blastocyst 
(about 100-150) [42]. This procedure appears to be substantially less  
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invasive as compared to the cell mass loss indicated by the removal 
of two blastomeres. The little amount of template DNA makes it chal-
lenging to investigate a single blastomere in aCGH and NGS, which 
are used to examine anomalies in the fundamental structure of the 
genome. However, because it yields more cells and can be recognized 
as mosaics, blastocyst biopsy is currently the most popular technique 
(Table 1).

Figure 1: Application of Trophectoderm (TE) Biopsy. On the 3rd day of 
embryo culture, when the embryo cleaved into 8-cells, the zona is hatched 
by the help of laser. On day 5, trophectoderm cells escapes from the drilled 
zona to be biopsied (Figure 1A). Biopsy steps of an embryo (Figure 1B).

Technique Year Purpose of Performing Organism Reference

Whole Blas-
tocyst (No 

Biopsy)
1967

Use of fluorescence micros-
copy to score sex chromatin 

and so identify male and 
female embryos only five 

days after conception.

Rabbit
Gardner et 
al., Nature, 

1967

Zona Drilling 1986

A micromanipulation 
apparatus was used to 

produce holes in the zonae 
pellucidae of unfertilized 

mouse oocytes for correction 
of oligospermia.

Mouse
Gordon et 
al., J Exp 

Zool, 1986

Blastomere 
Biopsy

1989

To develop a technique for 
micromanipulative removal 
of a single blastomere from 

the 4-cell mouse embryo 
and proliferation of that 
blastomere in culture.

Mouse

Wilton et 
al., Biology 
of Repro-

dution, 
1989

Blastomere 
Biopsy

1990

To show removal of one or 
two cells at the 8-cell stage, 
while reducing the cellular 
mass, does not adversely 
affect the preimplantation 
development of biopsied 

embryos in vitro and suggest 
that this approach could be 

used for 
preimplantation diagnosis of 

genetic defects.

Human

Hardy et 
al., Human 
Reproduc-
tion, 1990

Blastomere 
Biopsy

1990

Determine the risk of 
transmitting recessive 

X-linked diseases, including 
X-linked mental retardation, 

adrenoleukodystrophy, 
Lesch-Nyhan syndrome and 
Duchenne Muscular Dystro-

phy (DMD)

Human
Handyside 
et al., Na-
ture, 1990

Polar Body 
(PB) Biopsy

1990

Evaluate the risk for 
alpha-1-antitrypsin (a-l-
AT) deficiency and have 

transferred only diose em-
bryos derived from oocytes 
possessing the normal PIM 

allele.

Human

Verlinsky et 
al., Human 
Reproduc-
tion, 1990

Blastomere 
Biopsy & 

FISH
1993

A short fluorescence in-situ 
hybridization (FISH) pro-
cedure using fluorochrome 
and digoxigenin labelled 

DNA probes was developed 
for application in human 
preimplantation embryos 

in order to analyse the five 
chromosomes most involved 
in human aneuploidy (X, Y, 

18, 13 and 21).

Human

Munne et 
al., Human 
Reproduc-
tion , 1993

Blastomere 
Biopsy & 

WGA
1994

Application of single cell 
whole genome amplification 
technology to the analysis of 
five commonly deleted exons 

of the dystrophin gene in 
conjunction with ZFXJ ZFY 

analysis

Human

Kristian-
son et al., 

Nature 
Genetics, 

1994

Blastomere 
Biopsy & 

PCR
1995

To determine the ability 
to apply preimplantation 

genetic diagnostic techniques 
to screen for and prevent 

Tay-Sachs Disease (TSD).

Human

Gibbons et 
al., Fertil 

Steril, 
1995

Blastomere 
Biopsy & 

CGH
1996

To develop a molecular cyto-
genetic method allowing the 
simultaneous enumeration of 
all of the chromosomes in a 

single cell by using compara-
tive genomic hybridization

Human

Wells and 
Delhanty 

et al., Eur J 
Hum Gen-

et, 1996

Tropectoderm 
Biopsy & 

FISH
1997

A new methodology for 
blastocyst biopsy that uses 

a 1.48 microm diode laser is 
described. Trophectoderm 

cells are biopsied after laster 
zona drilling and culture, 

fixed and processed for Fluo-
rescent In Situ Hybridization 

(FISH) analysis.

Human
Veiga et 

al., Zygote, 
1997

PB1 and PB2 
Biopsy & 

FISH
1998

Genetic testing of oocytes by 
sampling and Fluorescent In 
Situ Hybridization (FISH) 

analysis of the first and 
second polar bodies, to avoid 

fertilization and transfer 
of aneuploid oocytes in 

IVF patients of advanced 
maternal age.

Human

Verlinsky et 
al., J Assist 

Reprod 
Genet, 
1998

Blastocyst 
Fluid

2014

To investigate the presence 
of DNA in Blastocyst Fluids 
(BFs) and to estimate wheth-

er the chromosomal status 
predicted by its analysis 

corresponds with the ploidy 
condition in Trophecto-

derm (TE) cells, the whole 
embryo, and that predicted 
by polar bodies (PBs) or 

blastomeres.

Human

Gianaroli 
et al., Fertil 

Steril, 
2014
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Quantitative PCR or real-time PCR

 A reference gene from the same chromosome is compared to three 
or four locus-specific amplicons along each chromosome in PCR. 
This technique can quickly and accurately detect aneuploidy in all 23 
pairs of chromosomes although it requires a lot of labor, hence auto-
mation is strongly advised [43-45]. While triploidy can be detected by 
qPCR, structural chromosomal abnormalities are not. Because qPCR 
does not provide a genotype, it is unable to detect uniparental disomy 
[45,46].

PGT: v2.0

aCGH

 SNPs, or single nucleotide polymorphisms, are extremely variable 
pairs of single nucleotides (A, T, C, or G) in the genomic DNA of a 
particular species. The SNPs considered in PGT are typically found 
in non-exon coding regions of the genome. In PGT, SNP microarrays 
typically assess over 300,000 SNPs distributed across the genome. A 
significant role in implantation, miscarriages, or giving birth to a child 
with a significant genetic abnormality could be played by hundreds 
of de novo structural chromosome abnormalities that are below the 
resolution of the 300,000 SNP arrays used for PGT [47-49]. CGH 
microarrays (aCGH) are less dense than SNP microarrays. CGH ar-
rays are capable of being completed in a shorter timeframe as com-
pared to SNP arrays. Since no genotypes are generated, unlike in SNP 
arrays, aCGH cannot distinguish between 46, XX and 69, XXX or 
46, XY and 69, XXY. Additionally, uniparental disomy cannot be de-
tected by aCGH [50]. All commercial laboratories employ an aCGH 
for PGT, however it is not developed or validated to detect structural 
chromosomal abnormalities; it can only detect whole chromosome 
aneuploidy. aCGH does have a limited ability to detect mosaicism in 
a trophectoderm sample if the chips are validated against mosaic cell 
samples [43].

Next-Generation Sequencing (NGS)

 Until recently, qPCR and array-based technologies (SNP array and 
array CGH) were considered the most viable tools for PGT-A as also 
mentioned above. However, because of the additional data gained 
and the large cost decrease, NGS has replaced other methods as the 
preferred method [43]. The reduced chance of miscarriage is among 
its many benefits and is arguably its most significant one [51]. Alter-
natively, the identification rate of genetic anomalies by NGS-based 
PGT-A is high (98%) [52] and it may raise the rate of pregnancies 
[53]. However, prior to adopting NGS in a clinical diagnostic labora 

tory, two significant challenges need be addressed: 1. establishing the 
necessary sequencing settings for each application and the minimal 
platform resolution to detect deletion/duplication (Del/Dup) and de-
termine the presence of mosaicism; 2. a bioinformatics pipeline and 
diagnostic algorithms should be developed to minimize the subjec-
tivity associated with the visualization of sequencing plots [54]. The 
minimum platform resolution, number of reads, and signal/noise ratio 
all have an impact on the smallest detectable fragment size for del/dup 
detection [55-57]. The clinical outcome appears to be influenced by 
the level of mosaicism [58], the identity [59] and the number [60] of 
affected chromosomes; therefore, a proper validation to define mosa-
icism thresholds are required for each platform to avoid overdiagnosis 
due to technical artifacts.

Future total non-invasive approaches: Possible PGT v3.0

 In the current gold standard method, the biopsy is required to ob-
tain genetic material for PGD from the developing embryo. The risk 
of harming embryo development associated with embryo biopsy, the 
uncertainty of long-term clinical results from biopsy in newborn chil-
dren, and the high costs associated with the biopsy procedure have 
prompted researchers working in this field to explore less invasive 
or non-invasive options and evaluate clinical application possibilities 
has encouraged [61,62]. For this purpose, some researchers evaluated 
the approach of aspiration of blastocele fluid (Blastocoel Fluid; BF) 
with an ICSI needle (Blastocentesis) and examination of the aspirated 
fluid in terms of showing a less invasive approach [2,63-66]. In oth-
er studies, in which the “Spent Culture Media” (SCM) (Figure 2) in 
which the embryo is grown in a completely non-invasive approach, 
is used as a source, researchers have shown that the “secretome” fea-
tures, including nucleic acids, released by the embryo into its envi-
ronment during development, are successful in euploidy, implanta-
tion and clinical success [67-72]. At the current point, the results of 
the studies suggest that both BF and SCM-based examinations may 
be sufficient (and more efficient soon) tools for the detection of em-
bryos with high implantation ability (Figure 2); on the other hand, 
they also point out that they bring many challenges to be overcome 
when compared to traditional selection and biopsy methods [73]. 
Considering the disadvantages of the gold standard methods used to 
determine the implantation potential of embryos today, existing and 
new studies are progressing towards developing new non-invasive 
techniques. Applying a non-invasive approach is expected to be ben-
eficial in many ways. It reduces the chance of disrupting/adversely 
affecting the embryo, its environment, and thus its development po-
tential. Other positive expectations are that similar approaches also 
eliminate the need for an interventional biopsy, increase their effec-
tiveness and reduce the number of treatments required to achieve a 
healthy live birth, thus significantly reducing costs. Studies on the 
evaluation of the embryo’s implantation potential with non-invasive 
approaches can open new perspectives in determining the ploidy state 
and in selecting the embryo with the highest potential for the live birth 
outcome. The results of studies performed to date indicate that the ap-
proach may be beneficial in terms of “prioritizing” the most suitable 
embryo for elective Single Embryo Transfer (eSET) in the clinic [74]. 
In this way, an embryo that can be “selected” with a non-invasive 
approach without reducing pregnancy success is the most effective 
way to avoid the problems associated with multiple pregnancies and 
related adverse medical conditions that may be encountered in both 
mothers and babies because more than one embryo to be performed 
with the conventional approach creates pregnancy [75]. Preclinical 
and clinical studies on non-invasive embryo selection approaches are  

Morula Biop-
sy & FISH

2014

To present results from 215 
IVF/ICSI cycles with PGS 
and morula-stage embryos 
biopsy and to analyze data 

on percentage of blastocysts, 
pregnancy rates, birth deliv-

ery, and the child’s health 
status after PGS.

Human
Zakharova 
et al., Plos 
One, 2014

Tropectoderm 
(TE) Biopsy 

& CCS
2014

To evaluate the relationship 
between conventional param-
eters of blastocyst evaluation, 
comprehensive chromosome 

screening (CCS) data and 
implantation potential of 

euploid blastocysts.

Human

Capalbo et 
al., Human 
Reproduc-
tion, 2014

Table 1: A roadmap of invasive biopsy techniques. Historical evolution of 
invasive biopsy applications.
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nowadays called Time-Lapse (TL) morphokinetic studies of embryos 
in the incubator (which can be combined with artificial intelligence 
algorithms) using special microscopes and genomic and/or proteomic 
analysis of the culture media in which the embryo is grown [76,77]. 
Genomics is the science that studies all functional and structural 
aspects of the genomes of different species. Examines the whole of 
genes by applying the techniques of sequencing chromosomes. Me-
tabolomics studies all chemical processes involving metabolites, 
small molecule substrates, intermediates, and products of cell metab-
olism. Proteomics, on the other hand, is the large-scale study of pro-
teins and encompasses the investigation of the protein composition, 
structure and activity level. During the development of non-invasive 
embryo selection methods, many factors, such as the success of the 
results to be obtained in preclinical or clinical studies, as well as 
whether the methodology being developed is user-friendly, whether it 
can be easily applied in the laboratory and improve MAR results, also 
determines the widespread use of technology. For instance, in the sur-
vey results conducted with the participation of a high number of MAR 
clinics in the United States and France recently, a significant portion 
of the participants (57-60%) did not have a TL monitoring system. 
They knew the techniques mentioned above’ superiority over static 
embryo selection methods. However, it is seen that they plan to have 
something other than such a system soon [78,79]. These results show 
that the test or methodology should be easy to adapt and user-friendly 
and not pose an additional risk in embryo development to ensure the 
effective use of newly developed or under-development applications 
that can potentially increase clinical success.

 In recent years, basic cell biology studies have examined the re-
lationship between the ploidy state of the cell and its metabolism, 
and exciting findings have emerged. The study by Rubio et al., is the 
largest study to date to evaluate embryo ploidy concordance between 
embryonic cell-free DNA (cfDNA) and TE biopsy. The findings are 
also consistent with recent publications showing concordance rates 
between 62.1% and 85.7% [80]. The relationship between the amino 
acid cycle of the pre-implantation human embryo and its development 
and pregnancy potential has also been shown in detailed studies. Ol-
cay et al., was studied amino acid turn-over to determine the ploidy 
state of the embryo non-invasively from the culture fluid, and it was 
shown that the concentrations of amino acids in the spent embryo 
culture media differ. Tyrosine (Tyr) level in SCM was found higher in 
aneuploid group compared to euploid one [81].

Conclusion
 Over the years, significant progressions have been introduced in 
preimplantation genetic testing and medically assisted reproduction, 
making PGT a well-established, correct, and safe clinical procedure. 
As sequencing costs continue to decline, PGT moves technically to-
wards a sequencing-based, all-in-one solution for PGT-M, PGT-SR 
and PGT-A. As patients’ awareness about the risks of transmitting 
genetic disorders and the number of diseases with identifiable genet-
ic cause(s) continues to rise, the total of treatments and the list of 
indications for PGT will likely expand. But there is still doubt that 
embryo biopsy is an invasive technique and needs utmost attention. 
The recent discovery of DNA in the BF and SCM has generated a 
surge of interest in the potential for non-invasive PGT. However, the 
reliability of ni-PGT strategies, concerning the proportion of samples 
yielding data and the concordance of genetic results relative to those 
obtained from whole embryos or biopsy specimens, has varied widely 
between published studies. It is not clear at present which laboratory 
methods are the most appropriate for the investigation of extra-em-
bryonic DNA. However, as more studies are published a consensus 
may begin to emerge. Uncertainty over the optimal method for ni-
PGT and questions concerning the reliability and clinical utility of the 
data produced suggest that PGT based upon BCM or SCM samples 
should, at present, only be carried out in the context of pre-clinical 
studies and carefully designed clinical pilot investigations.
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