
Saidah et al. Hum Reprod Arch. 2017;32e001017. DOI: 10.4322/hra.001017 1/7

Assisted Production

 Copyright Saidah et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

REVIEW ARTICLESISSN 2595-0711

Financial support: Funded by authors.
Conflicts of interest: The authors declare no conflicts of interest.
Submitted: August 08, 2017. 
Accepted: November 21, 2017.
Study carried out at UFG, Goiânia, GO, Brazil.

Pre-implantation genetic study and its importance for 
fertilization in the prevention of genetic disorders

Tárik Kassem Saidah1*, Waldermar Naves do Amaral1, Patrícia Gonçalves Evangelista1,  
Roberta Silva Soares Ferreira Ghiggi2, Mohamed kassem Saidah2

1 Universidade Federal de Goiás (UFG), Goiânia, GO, Brazil
2UniEvangélica, Anápolis, GO, Brazil

Abstract
Objective: This review is to address the pre-implantation genetic study and its importance for fertilization in the prevention of genetic 
disorders.  Methods: Review bibliographic. Results: Pre-implantation Genetic Diagnosis (PGD) is a reproductive option for couples at 
risk of conceiving a child with a known genetic disorder avoiding having an affected child and consequently discontinuing pregnancy 
or recurrent miscarriages. Several methods for the biopsy of the embryonic material can be used. Polar corpuscle biopsy is usually 
performed in countries that do not allow embryonic manipulation. Several methods can be used to perform the genetic study. PCR 
has been the preferred method of PGD diagnosis for disorders of a single gene. Fluorescent in situ hybridization (FISH) is a method 
for embryonic chromosome analysis, its utility is limited primarily because only a small number of chromosomes can be identified in 
each embryo. Final considerations: The technique of Pre-implantation Genetic Diagnosis is a great ally of in vitro fertilization, offering 
these couples the chance to form a healthy family, but there is still a little dissemination of the method. 
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Introduction
Assisted fertilization is the most advanced treatment for the infertile couple, presenting implantation rates from 

27 to 35%, and may present unexpected events with abortion, repeated failures and embryos with genetic alterations 
and chromosomal anomaly.1

Pre-implantation genetic diagnosis (PGD) is the use of reproductive technologies for the genetic analysis of embryos 
before transfer and implantation. Such practice allowed the transfer of unaffected embryos, and that way, avoid the 
pregnancy of compromised fetuses. Another application for genetic testing is in the treatment for infertility.2

Several methods for the biopsy of the embryonic material can be used. Polar corpuscle biopsy is usually performed in 
countries that do not allow embryonic manipulation. Biopsy in the cleavage stage is the most used method, but the main 
disadvantage is the risk of mosaicism in this period, which may be responsible for the false-positive and false-negative 
results and interfere with the implantation rates. The biopsy of the blastocyst is performed on day 5, can be removed 
between 5 to 10 cells, has as advantages lower rates than mosaicism, and does not interfere in implantation rates but 
presents high costs.3

Several methods can be used to perform the genetic study. PCR has been the preferred method of diagnosis in PGD 
for disorders of a single gene being the most common for cystic fibrosis, spinal muscular atrophy, hemoglobin diseases 
such as β-thalassemia, Huntington’s disease, fragile X syndrome, myotonic dystrophy and mutations that predisposes to 
cancer as BRCA14,5 Fluorescent in situ hybridization (FISH) is a method for embryonic chromosome analysis, its utility is 
limited primarily because only a small number of chromosomes can be identified in each embryo.6 Comparative genomic 
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hybridization (CGH) mainly involves the analysis of embryos with aneuploidies. It has the advantage of analyzing all 
the chromosomes in a single study, besides that, the CGH provides a more detailed image of the whole length of each 
chromosome, allowing the detection of chromosomal segment imbalance.

Therefore, the purpose of this review is to address the pre-implantation genetic study and its importance for the 
fertilization in the prevention of genetic disorders.

Pre-implantation Genetic Diagnosis - PGD
Pre-implantation Genetic Diagnosis (PGD) is a reproductive option for couples at risk of conceiving a child with a known 

genetic disorder avoiding having an affected child and consequently discontinuing pregnancy or recurrent miscarriages. 
The other options for these couples are gametes donation, remain childless, gestation without genetic testing (reproductive 
chance) or adoption. Couples submitted to PGD have already been diagnosed for some genetic disorder because they 
have a family history, have a child committed by a syndrome or are diagnosed in adulthood.7

PGD is useful in the diagnosis of a variety of genetic disorders that are caused by a single mutation in a gene or 
chromosomal or structural abnormalities, which can be detected in a single cell.5

Chromosomal abnormalities, including numerical errors and structural abnormalities, are common in human embryos, 
and their incidence increases significantly with advancing maternal age. There is no correlation between maternal age 
and Turner syndrome and sexual chromosome anomalies (47, XXX, 47, XXXY and 47, XYY).8,9

Chromosomal abnormalities are the main causes of spontaneous abortions and implantation failure after transfer of 
embryos in assisted reproduction cycles.10

More than 50% of spontaneous abortions in the first trimester are due to aneuploidies. The most common aneuploidies 
are trisomies of chromosomes 16, 21 and 22. Trisomies of other chromosomes are rarely seen in clinical pregnancies 
because they are highly lethal. Monosomies, except for monosomy X (Turner’s syndrome), also are not observed in 
spontaneous abortions.11 The most common single gene disorders detected by PGD are beta thalassemia, cystic fibrosis, 
myotonic dystrophy, Huntington’s disease, fragile X syndrome, Comel-Netherton syndrome, and endocrine diseases 
(including childhood persistent hyperinsulinemic hypoglycemia, congenital adrenal hyperplasia and endocrine neoplasms).12

The pre-implantation genetic diagnosis PGD test consists of the use of reproductive technologies for the genetic analysis 
of embryos before transfer and implantation. Such practice allowed the transfer of unaffected embryos, and that way, 
avoid the pregnancy of compromised fetuses.1 Early research in PGD dates back to Edwards and Gardner, who in 1968 
performed the blastocyst biopsy of a rabbit, and were carried out analyzes of Barr’s corpuscle to determine gender. PGD 
became viable in humans with the first in vitro fertilization in 1978 conducted by Edwards and Steptoe. After 10 years 
in 1988, Monk and Handyside demonstrated the viability of using PGD to detect a single gene disease using mouse 
blastomeres.13 The first successful application of PGD in humans was by Handyside et. al in 1990, which performed the 
embryonic sexing through a polymerase chain reaction (PCR) to detect the presence of the Y chromosome sequence 
to prevent males affected with X-linked adrenoleukodystrophy and mental retardation. Shortly thereafter, successful 
PGD has been reported to cystic fibrosis and many other monogenic disorders.14

The PGD is currently used to reduce transmission of genetic disorders to the offspring, and is proposed for carriers of 
single gene disorders (dominant and recessive, autosomal or X-linked) and carriers of structural chromosomal abnormalities, 
including, but not limited to reciprocal and Robertsonian translocations, inversions, deletions and insertions.1 Another 
application for genetic testing is the treatment for infertility. Fertility rates in vitro fertilization goes from 27% to 35%, 
depending on the patient group, maternal pathologies and technique used.15 The implantation depends on the quality 
of the embryo, the endometrial receptivity and the interaction between both. The most likely cause of low pregnancy 
rates observed in women undergoing in vitro fertilization, especially those with advanced maternal age and recurrent 
miscarriages, is the increased incidence of numerical chromosomal abnormalities (aneuploidy) despite the embryonic 
microscopy exhibiting normal morphology.16

In 1995, two teams in the United States used genetic testing to detect chromosomal abnormalities in polar bodies and 
in patients undergoing in vitro fertilization (IVF) as one of the additional means of embryo selection.7 The technique was 
performed in patients with advanced maternal age, successive implantation failures and abortion, with parents with 
normal karyotypes. The technique had several nominations, including PGD for aneuploidy screening PGD-AS or PGS. 
The PGS is therefore the application of preimplantation genetic testing in infertile or subfertile patients with normal 
karyotypes parents in order to increase fertilization rates. Although the choice of the best embryos could increase the 
rates of implantation by transfers, a smaller transfer of embryos could occur, resulting in lower rates of implantation. 
Controlled studies performed after one decade showed lower rates of pregnancies using genetic evaluation.17-19

This way various societies such as the American Society for Reproduction Medicine (ASRM), British Fertility Reproduction 
BFS, American College of Obstetricians and Gynecologists (ACOG) recommended that there is no evidence for routine 
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use of PGS. Recently other studies have demonstrated the use of CGH and biopsy of the blastocyst decreased the false 
positive results for mosaicism in embryos. Recent studies have shown promising data for PGS.20-23

Biopsy of embryos
Decisions about the optimal time to perform biopsy for pre-implantation genetic testing involve careful consideration 

of multiple factors, including: At what time of embryonic development is the abnormality identified? Are the genetic 
changes in the sample indicative of abnormalities in the embryo as a whole? Does the timing of the biopsy in relation to 
the transfer allow enough time for the analysis? Can biopsy compromise the ability of the embryo to develop normally.23

The biopsy of embryos for either PGD or PGS purposes can be done at different stages of embryo development 
during in vitro fertilization procedures. The technique can be performed by biopsy of the oocyte on the first or second 
polar corpuscles. On the 3rd day during the embryo cleavage with the presence of 5 to 8 cells realizing the removal of 
1 or 2 blastomers. It may be blastocyst stage, which contains about 120 cells, are removed from 5 to 10 trophectoderm 
cells.12

The biopsied genetic material may be extracted in different ways as set forth in the following items.

Biopsy of the polar corpuscle
This biopsy technique is usually performed in countries where embryo biopsy is considered illegal as Italy, Germany and 

Austria.24 Polar corpuscle biopsy requires access to the perivitelline space through the opening of the zona pellucida that 
can be performed by mechanical means or through the laser. The first description of this type of biopsy was performed 
by Verlinsky and was initially performed only on the first polar corpuscle (diagnosis preconception). Subsequently, the 
procedure was performed on both the first and second polar corpuscles for a more accurate diagnosis.25

The materials for biopsy can be removed simultaneously or sequentially, both having advantages and disadvantages. 
Simultaneous biopsy has the advantage that requires less manipulation, but it may be difficult to distinguish between 
the first and second polar corpuscles, and such differentiation may be necessary for some diagnoses. The main limitation 
of the polar body biopsy is that it only allows the identification of maternal genes and chromosomes and there is a high 
incidence of post-meiotic mitoses that are not detected.7,12

Biopsy at cleavage stage
For two decades, the predominant method of embryo biopsy has been the biopsy at cleavage stage where usually 

one, but sometimes, two blastomers are biopsied from the embryo cleavage stage at day 3 of development. The use of 
this technique was based on a study by Hardy et al.,26 the initial method uses Tyrode’s acid to pierce the zona pellucida 
to remove the blastomeres. There has been much debate about the biopsy of one or two blastomers in PGD and PGS 
procedures. Two blastomers will allow a more accurate diagnosis, but having two cells removed, is more invasive to the 
embryo and can affect implantation. In the PGS as it aims to increase fertilization rates in IVF only a blastomer is biopsied.7 
The main disadvantage of blastomer biopsy is the risk of mosaicism, which may be responsible for false-positive and 
false-negative results.27 About 15% to 80% of the embryos on the 3rd day show mosaicism and only part of them will 
remain after the 5th day, the difficulty in this technique is know whether the biopsied cell is a precise representation of 
the biopsied embryo. Initial studies by Hardy et al.,28 suggested that biopsy of blastomeres did not inhibit the ability of 
embryos to advance to the blastocyst stage. These data, however, were based on good quality embryos and probably 
did not accurately represent the quality spectrum of the embryos seen in a typical IVF cycle. Cohen et al.29 however 
demonstrated that single-cell biopsy in the eight-cell stage showed a 12.5% implantation decrease, and two-cell biopsy 
showed a 25% decrease in implantation.29 suggested that biopsy of blastomeres did not inhibit the ability of embryos 
to advance to the blastocyst stage. These data, however, were based on good quality embryos and probably did not 
accurately represent the quality spectrum of the embryos seen in a typical IVF cycle. Cohen et al.29 however demonstrated 
that single-cell biopsy in the eight-cell stage showed a 12.5% implantation decrease, and two-cell biopsy showed a 25% 
decrease in implantation.

Biopsy in the blastocyst stage
The human blastocyst contains about 130 cells distributed between the inner cell mass, and the surrounding trophoblast 

cells, which will become the membranes of the placenta and the fetus. The clinical use of blastocyst biopsy was initially 
reported by McArthur et al.,30 and in recent years there has been an increase in the use of this method. The blastocyst 
biopsy can be performed using two methods. The first is a hole on the 3rd day and the embryos are left in the 
culture that way some of the trophectoderm cells have herniated, so that the biopsy is performed on the 5th day. 
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The problem with this method is that the internal cell mass cells can suffer herniation instead of trophectoderm. In the 
second method, the hole is drilled on the morning of the 5th day to ensure the herniation of the trophectoderm cells. 
The blastocyst will rapidly rebuild by closing the biopsy local where the cells were removed.7,31 5 to 10 trophectoderm 
cells are removed. The recovery of 5 to 10 trophectoderm cells from a blastocyst with 100 or 150 cells corresponds 
to a lower ratio of cell loss (3.3% to 10%) than the removal of one or two blastomers from a total from 6 to 8 cells, 
which reduces the cell content from 12.5% to 33%. Scott et al.,27 demonstrated that blastocyst biopsy did not change 
implantation rates compared to biopsy at the cleavage stage that some studies reported a decrease in rates by up to 
39%. Therefore, as an advantage, we can highlight that the biopsy of trophectoderm presents a larger number of cells 
to study, a smaller number of mosaicism and does not interfere in implantation rates. As disadvantages the cost is 
higher, need for vitrification techniques and less time to perform the genetic study. It is likely that more PGD centers 
will adopt trophectoderm biopsy in the future. The most recent ESHRE dataset indicated that only 2.3% of the biopsies 
were performed on day 5 or 6, compared with 79.8% in the cleavage phase on day 3.32

Diagnosis

Genetic disorders
PCR has been the favorie method of diagnosis in PGD for disorders of a single gene. Several diagnostic protocols 

for more than 200 different disorders of a single gene have been reported, being the most common for cystic fibrosis, 
spinal muscular atrophy, hemoglobin diseases such as β-thalassemia, Huntington’s disease, fragile X syndrome, myotonic 
dystrophy and mutations that predispose to Cancer as BRCA1. Unlike DNA analysis from blood or amniocentesis, PGD 
samples usually start from very limited amounts of DNA found in biopsies of blastomers or trophectoderm. Individual 
cells contain approximately six picograms of DNA, and for many PCR assays, 250 nanograms of DNA are needed as a 
starting material. This implies that an amplification of about 40,000 times of DNA concentration is required. This number 
of cycles for amplification of the genetic material may imply DNA errors.24 One of the errors is the lost allelle, Allele 
Dropout (ADO). ADO can be defined as the inability of amplification that affects a heterozygous sample. The Extreme 
Incidence can reach 20%, leading to various diagnostic errors.12,33

PGD for aneuploidies
This form of PGD, which did not involve tests for genetic diseases and was designed to improve the outcome of in 

vitro fertilization, was called pre-implantation genetic screening (PGS). The term was first used in Europe, apparently to 
differentiate it from the analysis of a single gene.7

Fluorescent In Situ Hybridization (FISH)
It is a method for embryonic chromosomal analysis, that uses DNA probes labeled with different stains that binded 

to their complementary sequence and which can be viewed under a fluorescent microscope. The first chromosome 
analysis for PGD that used FISH to identify the X and Y chromosomes. This method was quickly used to detect inherited 
chromosomal abnormalities such as translocations.34

Although the FISH method has been applied extensively throughout the world to identify chromosomal abnormalities 
in embryos, its usefulness is limited primarily because only a small number of chromosomes can be identified in each 
embryo. This restriction is imposed by the limited number of distinct fluorochromes that are available to label the 
DNA probes. This can be partially overcome by using the dialing technique but proportional this can not delineate 
overlapping signals that are labeled with the same fluorochrome. Overlapping signals of different fluorochromes can 
be distinguished using computerized imaging systems that allow individual color planes to be analyzed independently, 
but overlapping signals of the same color can not be differentiated and can lead to diagnostic errors. One common 
approach is to use FISH for five or six chromosomes simultaneously and then, once these results have been analyzed 
to wash off the signals and re-probe the nucleus for more two, three or four chromosomes. Most laboratories look 
for X, Y, 13, 16, 18, 21 and 22 chromosomes because these are the most common changes in aneuploidies observed 
in spontaneous abortions. Recently the evidence shows that aneuploidies of other chromosomes are also relatively 
common in embryos and so a choice must be made on which chromosomes to analyze when using FISH.6,9

Comparative Genomic Hybridization (CGH)
The PGD use mainly involves the analysis of embryos with aneuploidies, which are manifested either by an error of 

segregation in the oocyte meiosis or, less common, in mitotic abnormalities of the embryo, that stand in mosaicism. 
Embryo aneuploidy usually results in inadequate development, failure of implantation and consequently miscarriage.5
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The most effective approach for complete single-cell karyotyping, to date is CGH (comparative genomic hybridization). 
This method was originally developed by oncological biologists who had the need to evaluate aneuploidy in a small 
number of cells from solid tumors.10,11

Aneuploidy is extremely related to maternal age and chromosome analysis of abortion products by aCGH shows that 
it is responsible for 70% of spontaneous abortions in the first trimester.5

CGH works by comparing one DNA sample with another DNA sample known as normal or reference. The DNA test 
and the reference DNA are labeled with a green and red fluorochrome respectively and then applied simultaneously 
to a microscope slide that is covered with normal human male chromosomes that are in metaphysis. The sample is 
hybridized for 2 to 3 days and then analyzed by a computerized system. Both DNAs are hybridized equally to both 
metaphase chromosomes (McGH) and to specific chromosomal DNA strands (aCGH). The aCGH attaches the DNA strands 
directly to the slide of the microscope, which takes the analysis time to one day and consequently enables a transfer of 
the fresh embryo. The intensity of the fluorescence is measured, and if equally colored, we have the presence of yellow 
color. The red and green color are seen if there is an excess of test DNA or control DNA.5,10,11,35

Recent studies using McGH in all non-transferred embryo bastomers show that only 25% of the embryos analyzed 
on the third day were euploid and that more than two-thirds demonstrated mosaicism. Half of these embryos had no 
normal cells, and 25% diploid and aneuploid mosaicism. Therefore, the validity of the analysis was questioned on the 
third day, in relation to the embryo development potential.5

The aCGH determines whether there is any quantitative deviation (excess or loss of DNA sequences) present in the test 
DNA. Therefore, it is able to detect the number of chromosomal copies and chromosome translocations. It is important 
to emphasize that this method is not able to demonstrate the chromosomal rearrangements.13

The advantage of the CGH method over the FISH method is that the entire chromosomal chain can be determined. 
In addition, the CGH provides a more detailed image of the entire length of each chromosome, allowing the detection 
of chromosomal segment imbalance.11

The first success of the application of CGH in PGD was with a 38 year old patient with a history of infertility and 
successive failures of IVF, which presented normal embryos by the FISH method. This woman was included in a group 
of 20 women who had implantation failure, with some choosing the FISH method for half of their embryos and the CGH 
for the remaining embryos.6 The FISH method failed to diagnose chromosomal changes, making it clear that CGH is 
better at detecting chromosomal errors, but it does not check for all ploidy errors, it can not distinguish, for example, 
diploid, triploid and tetraploid cells.1,14

Um estudo retrospectivo de 75 ciclos de PGD (Mishael et al.36 compared the three techniques, FISH, CGH and PCR, 
clearly observed that CGH increases the efficiency of genetic analysis and significantly improves gestation rates, but 
presents as the greater limitation the cost of the procedure per embryo, which is relatively high.15

Final considerations
Genetic diagnosis prior to pre-implantation transfer is an established and consolidated procedure in the medical 

setting. The average number of couples postponing pregnancy after 35 years has increased in recent years, whether 
for financial reasons or for professional achievement, in contrast the risk of genetic alterations also increases at this 
age. This technique allows risky couples to have a normal child and exclude embryos with genetic abnormalities leading 
to an increase in implantation rates and impacting the reduction of abortions, guaranteeing success, however, usually 
there are few couples who seek this technique beeing necessary demonstrate the need for greater dissemination of 
the use of the method.
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