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higher risk of producing an embryo with an incorrect number 
of chromosomes (repeated miscarriages, higher age, repeated 
failures of IVF, undergone chemo/radiotherapy) (12). 

PGD cannot be substituted for prenatal diagnosis, 
which is a set of diagnostic measures with the aim of 
distinguishing or eliminating molecular, chromosomal, 
morphological, structural and functional disorders of an 
embryo or foetus during pregnancy (3). On the basis of 
concrete results, the doctor instructs the parents and re-
commend the further procedure. The final decision then 
rests with the parents as to whether the mother will carry 
up to birth a foetus in which a certain defect or genetica-
lly conditioned pathology has been diagnosed, or decide 
to terminate the pregnancy.

OBJECTIVE

The objective of our study was to present a summary 
overview of ocular pathologies for which PGD is performed. 

METHODS

Literary research focusing on consultancy, methodology, 
ethical aspects, risks and legislation for the performance of 

INTRODUCTION

Pre-implantation genetic diagnosis (PGD) is an established 
application of genetic testing. It represents a preventive method, 
which can be used within the framework of assisted reprodu-
ction to prevent the transmission of a monogenous hereditary 
disease or chromosomal abnormality to progeny (4, 13). 

The basis of in vitro fertilisation (IVF) is the extracorporeal 
fertilisation of an egg by a sperm and the subsequent implanta-
tion of the embryo into the womb of the mother. In the case of 
PGD this step is preceded by the performance of a genetic labo-
ratory examination, the results of which assist in selecting sui-
table embryos for transmission (14). An essential prerequisite 
for the application of PGD in monogenic diseases is knowledge 
of the cause of the pathology on the level of DNA. This method 
is not appropriate for complex pathologies, even if with a signi-
ficant genetic predisposition. PGD may be used not only for de-
tecting the transmission of a specific genetic disorder, but also 
for determining deletions and duplications of chromosomes in 
embryos where one of the parents is a carrier of a balanced 
chromosomal aberration (translocation, inversion). A further 
alternative to PGD is pre-implantation genetic screening (PGS) 
for embryos of parents in whom it is not known as to whether 
they have suffered from a specific genetic defect, but have a 
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the parents) with an afflicted relative (usually parent or 
sibling), identified using haplotyping, are excluded.

In both methods both testing for the presence of a muta-
tion using comparison of haplotypes is performed, as well 
as examination of the number of chromosomes of the emb-
ryo. The advantage of karyomapping is that we can perform 
both tests simultaneously; in the case of the PCR method 
the haplotype analysis in “healthy embryos” is supplemen-
ted by the method of sequencing of a new generation in 
order to detect variations in the number of copies (10).

In the case of pathologies with X-linked inheritance, 
couples may also select the sex. In this case array or haplo-
type analysis is performed, in which the sex of the embryo 
is determined. 

PGD in the case of genetically conditioned ocular pathologies
At present PGD is used for a range of ocular pathologies 

with a significant functional impact on visual functions.
PGD is considered above all by couples in whom one or 

both have a genetically conditioned autosomally dominant 
disorder, or couples who have already given birth to a disa-
bled child. 

The most common indication is retinoblastoma with 
autosomally dominant heredity (25). With regard to the 
fact that the causal gene RB1 (retinoblastoma 1) codes 
protein important for regulation of the cell cycle, pati-
ents with a hereditary form of retinoblastoma also have 
an extremely high risk of subsequent incidence of prima-
ry tumours, most often leiomyosarcoma, osteosarcoma 
and skin melanoma (17). In the case of this disease PGD 
was first successfully applied in 2003 in a family in which 
the father and daughter suffered from bilateral retino-
blastoma, and at the same time a causal substitutional 
mutation was identified in the gene RB1. PGD was used 
in the couple's second and third pregnancy and led to the 
birth of two healthy siblings (27).

In the group in which neither the father nor the mo-
ther suffer from an ocular pathology but have one or 
more visually impaired children with an autosomally 
recessive hereditary disease, and wish to have further 
children without visual impairment, a case of applicati-
on of PGD is documented in the literature for example 
in which both parents were carriers of one deletion of 
the gene RPE65 (Retinal Pigment Epithelium-Specific 
Protein 65kDa) and already had two children with Leber 
congenital amaurosis. Following the implantation of a 
healthy embryo and one embryo with a mutated allele, 
healthy twins were born (9). 

It is occasionally possible to encounter a request for 
pre-conception screening of a partner for the presence 
of mutations also in couples in whom one of the partners 
is diagnosed with an autosomally recessive hereditary 
ocular pathology. Despite the fact that the risk of con-
ception of a progeny with the same pathology is virtually 
negligible provided that the partners are not mutually re-
lated, i.e. only fractionally higher in comparison with the 
healthy population, in the case of certain diseases these 
requests are not entirely unjustified. For example, in the 

PGD with the aim of preventing the transmission of mono-
genically conditioned ocular pathologies.

RESULTS

Consultation before PGD
Before the actual performance of PGD,  carriers of ge-

netic abnormalities must be provided with a qualified 
consultation by a doctor with a specialised qualification 
in the field of medical genetics, in accordance with the 
provision of Act no. 373/2011 Coll, Sections 28-29. The 
objective of this consultation is to explain the principle, 
benefit, reliability and potential risks of PGD, including 
unexpected findings. Patients should fully understand 
the technical limitations of PGD, the risk of error, should 
be engaged in a discussion as to whether PGD is necessa-
ry, and subsequently sign an informed consent form.

Common indications for PGD are structural chro-
mosomal aberrations or monogenically conditioned 
pathologies, under certain circumstances it is also po-
ssible to consider also indicating for HLA genotyping. 
The selection of sex with the aim of balancing a family 
is generally considered controversial and is not perfor-
med in the Czech Republic. Pathologies without a de-
termined genetic cause and testing of certain phenoty-
pe traits such as eye colour are entirely inappropriate 
for indication of PGD (5).

Methodology of PGD
A fundamental prerequisite for the application of PGD is 

knowledge of the mutation causing the given disease. In 
the case of ocular pathologies this condition cannot always 
be met, since a range of genes, e.g. for retinitis pigmentosa 
remain unknown, or upon genetic screening mutations of 
unknown significance are detected, in which the pathoge-
nesis is difficult to detect and requires complex functional 
studies.

A detailed description of the individual steps of PGD 
and the methods used, including their advantages and 
disadvantages, was recently summarised in two pub-
lications in Czech language (15, 19). In short, after IVF 
embryos are cultivated up to the stage of blastocytes, on 
the 5-6th day of development of the embryo a tropho-
ectoderm biopsy is performed, at which 4-10 cells are 
obtained. Afterwards full genome amplification of their 
DNA is performed. In the case of pathologies with mo-
nogenic heredity, methods of indirect genetic diagnosis 
are mostly used. At present these are haplotype analy-
sis (PCR method), using short term repeat as markers (2) 
and karyomapping (array method), using single nucleo-
tide polymorphism as markers (18). In both method the 
haplotype (specific set of markers) is determined in the 
section comprising the gene. A condition for PGD is a ge-
netic examination of both partners and a direct relative 
with the genetically confirmed disease. Embryos which 
carry a common allele(s) (in recessive hereditary patholo-
gies it is possible to accept carrying of a single allele with 
pathogenic mutation following informed discussion with 
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for transfer. In the case of certain ocular pathologies such 
as retinitis pigmentosa, however, it is necessary to keep in 
mind that women may manifest a wide spectrum of pheno-
type findings from none to severe, including total blindness, 
mostly manifesting themselves one or two decades later 
than in men (16).

The European Society of Human Reproduction, which 
regularly evaluates data from European centres, stated 
in its report that in 2010 the total number of performed 
cycles with a pre-implantation genetic examination was 
5 651, of which 2 978 cycles were within the framework 
of PGS and 2 673 cycles were within the framework of 
PGD. Of ocular pathologies the largest number of cycles 
were performed with the aim of preventing the trans-
mission of retinoblastoma with autosomally dominant 
type of heredity, followed by Stargardt disease and 
oculocutaneous albinism with autosomally recessive 
type of heredity. In the case of X-linked pathologies se-
lection of sex was chosen in a number of cases a pre-
vention of transmission of the pathology. The most 
frequent indication was retinitis pigmentosa, followed 
by Leber hereditary optic neuropathy. An enumeration 

case of gene ABCA4 (ATP-Binding Cassette, Sub Family A 
member 4), mutations of which condition autosomally 
recessive hereditary Stargardt disease (1), it is estimated 
that in the regular European population 1 in 870 of the 
population could be a carrier of pathogenic mutations 
(20). A case of a couple was published, in which the man 
manifested typical symptoms of Stargardt disease, whe-
reas an ocular examination of his partner did not detect 
any abnormalities. A genetic examination for the gene 
ABCA4 was indicated for both partners. Both pathogenic 
mutations were determined in the male. In the female 
one mutation with the origin of Stargardt disease was 
also determined, which increased the risk of transmission 
to the progeny in this specific couple to 50%, as a result 
of which PGD was recommended, leading to the birth of 
a healthy progeny (23). 

In X-linked pathologies the risk of transmission of a gene-
tic strain for a specific disease to both sexes is 50%, howe-
ver, in men the pathology is generally expressed, whereas 
women are often carriers without a clinical finding, or their 
finding is only minimal without an impact upon quality of 
life. In this case embryos of female sex are recommended 

PCR – polymerase chain reaction; PGD - preimplantation genetic diagnosis

Table 1  Monogenic eye diseases and syndromic disorders with severe ocular involvement for which PGD was performed in 
2010 in Europe.

Type of inheritance Disease Method of embryo  
selection

Number of PGD 
cycles

Autosomal dominant

Aniridia PCR 2
Von Hippel-Lindau syndrome PCR 11

Congenital fibrosis of the extraocular muscles PCR 3
Marfan syndrome PCR 34

Retinitis pigmentosa PCR 1
Retinoblastoma PCR 14

Stickler syndrome, type 2 PCR 2
Blepharophimosis, ptosis and epicanthus inversus syndrome PCR 3

Autosomal recessive

Leber congenital amaurosis, type 8 PCR 1

Ocular albinism PCR 4

Stargardt disease PCR
7
1

X-linked

Blue cone monochromacy sexing 1

Chorioideremia
PCR 1

sexing 2
Familial exudative vitreoretinopathy PCR 1

Macular dystrophy sexing 1
Norrie disease PCR 1

Retinitis pigmentosa, type 3 PCR 2
X-linked retinitis pigmentosa sexing 6

X-linked congenital stationary night blindness sexing 1
X-linked infantile nystagmus PCR 2

X-linked nystagmus sexing 1
X-linked retinoschisis sexing 1
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ber of chromosomes. It is possible to detect aneuploidy 
also with the use of data from new generation sequen-
cing, which is performed after haplotype analysis in he-
althy embryos for the purpose of detecting a monogenic 
pathology.

Legislation of PGD
The economically developed European countries that 

under certain conditions have legalised use of PGD in-
clude Belgium, Denmark, Finland, France, Greece, the 
Netherlands, Norway, Portugal, Austria, Spain and the 
United Kingdom. PGD is indicated in the case of mono-
genically conditioned pathologies, in some countries 
also for chromosomal abnormalities and X-linked patho-
logies. HLA typing in the sense of selection of an im-
munocompatible embryo in order to save a relative is 
permitted in nine of the above countries, including the 
Czech Republic. Due to the strict legislation, in Germany 
PGD is restricted only to examination from a biopsy of 
the polar body, which enables very limited diagnostic 
possibilities. Similarly in Switzerland testing is permit-
ted on polar bodies only in the case of serious and incu-
rable pathologies, regulation in PGD in this country is in 
the stage of further review (6).

In the Czech Republic genetic testing is regulated by Act 
no. 373/2011 Coll., sections 28-29. Laboratories perfor-
ming PGD should abide by Recommended Procedure no. 4 
(Recommendation on pre-implantation genetic laboratory 
examination) as presented on the website of the Society of 
Medical Genetics and Genomics. The website describes the 
indications for which PGD and PGS are recommended by a 
doctor with a specialised qualification in the field of medical 
genetics (24). 

CONCLUSION

Although PGD as a preventive method does not ena-
ble therapy, it can be used to select an embryo without 
a genetic strain for a certain pathology, thereby elimi-
nating the risk of transmission of a disease to further 
generations. By contrast with prenatal diagnosis, the 
couple is not exposed to the decision on whether to 
terminate an already commenced pregnancy. Indica-
tion of PGD for genetically conditioned ocular patho-
logies requires a highly individual approach. A range 
of patients in whom visual impairment is manifested 
progressively during the course of life do not perceive 
their condition as sufficiently handicapping as to con-
sider PGD for this indication. On the other hand, some 
patients, despite an objectively less severe deficit of 
visual functions perceive their situation and the psy-
chological consequences in connection with treatment 
or repeated examination as sufficiently serious for PGD 
to represent a clear choice.

The study was supported by grants GAUK 4315/2015, 
SVV UK 260256/2016, UNCE 204011 and AZV 16-32341A. 

of all ocular pathologies for which PGD was performed 
in 2010 from 62 European centres that are part of the 
PGD consortium, is presented in table 1 (7).

Websites of foreign centres which are not a part of the 
European consortium state provision of PGD for a range 
of other ocular diseases or syndromic pathologies whe-
re the ocular finding may be one of the dominant featu-
res, e.g. achromatopsia, autosomally dominant heredi-
tary atrophy of the optic nerve, Bardet-Biedl syndrome, 
Best's disease, microphthalmus, neurofibromatosis type 
I, Senior-Loken syndrome, Usher syndrome (11). 

According to information obtained on the Google se-
arch engine by entering the key words “pre-implantati-
on genetic diagnosis”, PGD is performed in a minimum 
of nine centres in the Czech Republic. The only detailed 
publicly available annual report of the Gennet company 
from 2012 states that PGD was performed due to the fo-
llowing indications of severe ocular pathologies or disea-
ses in which the ocular symptomatology may predomi-
nate in its significance: posterior polymorphous corneal 
dystrophy, X-linked retinoschisis, Hippel-Lindau syndro-
me and Marfan syndrome (26).

Ethical aspects of PGD in relation to ocular pathology
In addition to the fundamental ethical aspects such as 

selection of embryos and thereby the selection of he-
alth characteristics (22) or the possibility of intentional 
selection of sex of the child motivated by the socio-cul-
tural background (21), the use of PGD in ophthalmology 
raises also further ethical issues. PGD should be indi-
cated in the case of serious pathologies with an early 
manifestation. However, the boundary between the 
pathologies that can be considered serious and those 
that cannot is not entirely clear. Furthermore, it is also 
necessary to take into consideration the individual si-
tuation within the family, the cultural and socio-econo-
mic context. A range of hereditary diseases may have 
a highly variable age of manifestation, some lead to a 
diminution of visual functions as late as in adulthood, 
whilst the current development in science offers hope 
that targeted therapies may be developed for a range of 
hereditary ocular pathologies.

Risks of PGD
In addition to the general risks in connection with the 

process of IVF, PGD also has its risk of “error”, which is 
generally stated within the range of 2-5% (8). For this 
reason it is recommended during pregnancy to verify 
the result of PGD by prenatal diagnosis, i.e. by exami-
nation from the chorionic villi or amniotic fluid. At the 
same time it is necessary to be aware that in PGD we 
observe only a specific hereditary disease, the risk of 
which is known within the family. Children born after 
PGD may therefore have other genetic pathologies not 
observed by us. However, we reduce the risk of transmi-
ssion of an embryo with chromosomal aneuploidy (e.g. 
Down's syndrome) upon the use of karyomapping, by 
simultaneously conducting an examination of the num-
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