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Follow up of children born after
preimplantation genetic testing
Suivi des enfants nés après dépistage préimplantatoire
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Résumé. L’application du dépistage préimplantatoire pourrait-elle, en elle-même (i.e. indépen-
damment du résultat du test), exercer une influence sur la santé des enfants qui en naîtront ?
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Laboratoire d’assistance médicale à la

Afin de répondre à cette interrogation, nous avons synthétisé quatorze études, publiées entre
2008 et 2018, dans lesquelles 1 794 enfant ont été suivis, jusqu’à l’âge de 9 ans, en comparés
à deux groupes témoins : 39 709 enfants issus de l’assistance médicale à la reproduction,
et 910 626 conçus naturellement. Nous n’identifions aucun effet défavorable du dépistage
préimplantatoire sur la santé ou le développement des enfants. Néanmoins, certains auteurs
soulignent la possibilité que le protocole exerce un effet subtile sur le développement de
certains groupes d’enfants. Un suivi au long cours est donc nécessaire.

Mots clés: dépistage préimplantatoire, suivi, enfant, assistance médicale à la reproduction

Abstract. Could PGT itself affect the health of the children born after the application of this
technique? This is a revision of 14 studies published between 2008 and 2018 in which a total
rocréation, préservation de la fertilité, of 1794 PGT children between new-borns to 9 years old were studied and compared to control
groups (39,709 TRA and 910.626 naturally conceived children). To our knowledge, PGT itself
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does not seem to affect negatively the health and development of children. Nevertheless, some
of the authors pointed out possible subtle effects on the development of some groups of PGT
children that makes a long-term follow up of this population mandatory.
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E mbryologists are passionate about
embryos and, most of us are also

fond of babies; thus babies are the
result of our daily work. The objective
of assisted reproduction techniques
(ART) is to give a healthy baby at home
to people that are not able to achieve
it naturally.

In order to be able to reach our
objective, gynaecologists and embry-
ologists follow strict protocols and
analyse in detail laboratory results
and reproductive outcomes and sci-
entists perform basic research to try to
improve, day by day, our work.

But, do all the manipulations that
embryos are suffering in vitro have
any effect on the babies that are born
lately? To answer this question, an

the same (figure 1). In vitro culture
of embryos in one type of medium
have been found to result in single-
tons with a lower weight during the
first 2 years of age compared to the sin-
gletons born after the embryos being
cultured using another medium [1].
On the other hand, another study con-
cluded that the culture media did not
affect the birth weight and length [2].
Thus, it is important to keep in mind
that every single step of our work
could have a consequence on the final
result.

Assisted reproduction
techniques vs. naturally
conceived children
accurate follow up of
mandatory and, in fa
have been published
work is still necessary

Although culture
media are trying to sim
pens in vivo, obviousl
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At present, 1.5 million ART cycles
are performed and 350.000 babies
born worldwide annually [3] and
there are several studies comparing
children born after natural conception
(NC) with children born after the use
of ART.
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igure 1. From oocyte to blastocyst.

Pandey and collegues [4] in a review article found
hat singleton pregnancies after in vitro fertilization (IVF)
r intracytoplasmic sperm injection (ICSI) (figure 2) were
ssociated with higher risks of obstetric and perinatal
omplications when compared with spontaneous concep-
ion. Concretely they reported more congenital anomalies,
ow birth weight, perinatal mortality, small for gestational
ge and preterm delivery. A similar conclusion was stated
y another group when comparing 181.741 singletons
orn after IVF/ICSI with 4.636.508 singletons NC [5]; they
ound an increase in preterm birth, low birth weight, small
or gestational age, perinatal mortality and congenital mal-
ormations.

Regarding children’s development; a recent review of
4 studies has been published by Catfort [6] comparing
CSI and NC children. Cognitive and motor performance
ere analysed and also, in some cases, behaviour and

amily relations concluding that neurodevelopment in
oth groups was comparable. On the other hand, in the
ame study, pubertal development was comparable in both
exes but semen parameters were more likely to be altered
n ICSI children. Also differences in general physical and
etabolic health were described, so, an urgent need for

onger follow-up was suggested.
The same research group also published a review

rticle comparing children conceived by conventional
VF and by ICSI [7]. Neurodevelopment and growth and
spects of physical health were similar in childhood how-
ver, evaluation of health in adolescence and adulthood

eemed still needed as well as studies about metabolic and
eproductive points. This is interesting because potential
pigenetic modifications could be induced by ICSI proce-
ure, the consequences of which could not be visible until
ater in life.

Comparing ART to NC children, another study [8]
ound no detrimental effects on children’s early cogni-

Médecine de la Reproduction, vol. 20, n◦ 4
yo 8 cell embryo
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blastocyst
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tive outcomes up to the age of 11 years and highlighted
the importance of parental characteristics in the ART chil-
dren’s development.

The health of children born following
analysis of polar bodies
(preimplantation genetic diagnosis
using two polar bodies and
preconception diagnosis using the first
polar body)

Preconception genetic diagnosis (PGD) involving a
biopsy of the first polar body has been practiced in our
centre since 2001 and preimplantation genetic diagno-
sis (PIGD) involving a biopsy of the two polar bodies was
developed in the 1990s. Literature is very sparse on studies
monitoring children born following the use of these tech-
niques, but the data that have been published are very
reassuring. These practices involve making a hole in the
zona pellucida before taking a biopsy of the polar bodies.
The zona pellucida is opened mechanically, enzymati-
cally, or with a laser. Regardless of the technique used,
no particularly risks for descendants have been revealed
based on more than 30 years of practice. In terms of our
experience of PGD, 36 children have been born in the
maternity ward of our hospital following this technique,
and the clinical data are reassuring. Obstetric and neonatal

monitoring indicate no particular complications.

In the United States, a team which carries out biopsies
and analysis of the polar bodies (PBs), as part of preimplan-
tation genetic diagnosis (PIGD) for monogenetic diseases
and aneuploidy, has carried out obstetric and neonatal
follow-up for around 100 children [9]. In 2000, the authors
reported follow-up data on 109 children born following

, octobre-novembre-décembre 2018
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igure 2. ICSI procedure.

IGD. Discussions with paediatricians and parents, who
ll completed a birth questionnaire following childbirth,
ere supplemented by consultations when necessary. For

hildren over the age of six months, a follow-up tele-
hone interview was conducted to assess the child’s
evelopment. For these 109 children, the authors assessed
estational age, birth method, perinatal mortality, weight
nd size at birth, the presence of congenital abnormal-
ties, and stages of development. A total of 91 children
ere born following polar body analysis for chromosome

nomalies, and 18 following analysis for monogenetic
iseases. The results of PIGD for Mendelian traits were
onfirmed postnatally for all pregnancies and in all cases,
he maternal allele present in the new-born had been cor-
ectly predicted. The same held for PIGD for aneuploidy;
o cases of trisomy 21, 18 or 13 were detected at birth.

Of the pregnancies, 75% were carried to term. One
eonatal death occurred due to placental abruption and
he new-born died at six days due to multivisceral fail-
re syndrome. The Caesarean rate for all births was 40%,
hich is comparable to that determined by other teams

10]. The percentage of low birth weights (lower than the
0th percentile) for 80 single pregnancies was 9%, indi-
ating that the biopsy of polar bodies appears to have no
mpact on this parameter.

Regarding congenital abnormalities, no particular mal-
ormation profile was found in this cohort. Two cases
f congenital haemangiomas were reported, i.e. an inci-
ence of less than 2%, comparable to that found in the

iterature, between 1.1% and 2.6% [11]. Of the 109 chil-
ren, two (2%) presented with congenital malformations
ith an impact on development, and four others (4%) pre-

ented with minor abnormalities. The same team, a few
onths earlier [12], had reported a rate of placenta praevia

hat was higher than that found in the general popula-
ion (4%), but this remains to be confirmed as the authors

Médecine de la Reproduction, vol. 20, n◦ 4
had not taken into account any confounding risk factors in
their population. For the 109 children followed, there was
no increase in incidence of premature or difficult births,
nor any significant difference in terms of weight or size
at birth. No particular congenital abnormality profile was
observed. Overall, polar body biopsy does not appear
to have an impact on obstetric or neonatal outcomes.
Another observational study of 413 births showed that
there was no increase in the rate of anomalies at birth for
children born following a biopsy of the blastomere or the
polar body [13]. Finally, an important series was published
in 2011 [14] consisting of 938 cycles of preimplantation
genetic testing for monogenetic diseases with analysis of
the two polar bodies. In total, 345 healthy children were
born, once again demonstrating that this technique carries
no particular risks for descendants. In conclusion, based
on the literature, the biopsy of one or two polar bodies
does not appear to have an impact on either pregnancy
itself nor the state of health of the children subsequently
born.

Preimplantation genetic testing

Preimplantation genetic testing (PGT) was first per-
formed in 1990 [15] basically to avoid the transmission
of some genetic diseases to the offspring. Nowadays, its
use is continuously increasing [16] and the indications are
wider.
PGT-A is a form of aneuploidy screening used to
optimize pregnancy rates after IVF treatment, whereas
PGT-SR is a diagnostic test for structural chromosome alter-
ations and PGT-M is a diagnostic test for couples with an
increased risk of offspring with a genetic disorder.

For many years PGT consisted of a blastomere
biopsy of embryos at Day 3 and genetic analysis using

, octobre-novembre-décembre 2018 323
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igure 3. Blastocyst biopsy.

uorescence in situ hybridization (FISH) or PCR. The utility
f this technique for the analysis of aneuploidies (PGT-A)
as discussed because while some authors found it use-

ul to improve reproductive outcomes [17] others did not
ecommend its use [18].

Times have changed and nowadays PGT mostly con-
ists of a trophoectoderm biopsy of blastocysts at Day 5/6
figure 3), which seems to be less harmful for the embryos
19] and a genetic analysis using comprehensive chro-
osome screening allowing for the analysis of all the

hromosomes. This new approach seems to be beneficial
nd cost effective for most of the patients [20].

PGT includes more extensive embryo manipulation
han IVF and this has induced questions on its safety con-
erning child development. In 10 years of data collection,
SHRE reported 5.135 new-borns after the application of
GT [21].

ssisted reproduction techniques vs.
reimplantation genetic testing
hildren

Many studies have been published analysing the pos-
ible effect of PGT itself to the children born after the
pplication of the technique.

A total of 14 studies performed between 2008 and
018 are included in the present review (table 1). The

umber of children studied in all these works are: 1.794
rom PGT; 39.709 from ART (FIV / ICSI without PGT) and
10.626 naturally conceived. They were from new-borns
o 9-year-old children. There are 4 randomised control
rials and 7 prospective, 1 pilot and 2 retrospective studies.

Many different characteristics of children have been
nalysed either regarding neonatal and physical health

Médecine de la Reproduction, vol. 20, n◦ 4
or regarding behaviour and other aspects of chil-
dren necessities. Concretely, about physical aspects, the
studies analysed adverse obstetric and neonatal out-
comes; congenital malformations; neurodevelopment;
blood pressure; anthropometrics; developmental neu-
ropsychological profiles; minor and major morphologic
abnormalities; physical development and also neuro-
logical characteristics and development. In a more
psychological aspect, the studies reported results about
cognitive and socio-emotional development; behaviour;
psychosocial functioning; language development and also
the received medical care.

Most of the authors did not find significant differences
between the study groups although five of them could find
increased risks in children born after PGT. Altered neu-
rodevelopmental outcomes in PGT-A twins was reported
by Schendelaar et al. [22]; the study compared 9 set of
4-year-old twins born after PGT-A with 11 born after TRA
and a difference in brain function was found in twins but
not in singletons; the neuromotor condition was affected
negatively but the sequential processing was affected pos-
itively, pointing out to a different brain development in
PGT-A twins. In another study [23], more perinatal death
in multiple pregnancies of PGT was found; although the
authors stated that their finding could be due to the low
number of cases included in the analysis.

On the other hand, a trend to low cognitive skills [24]
and an increased frequency of received paramedical care
[25] were reported in children born after PGT. In the first

study one fifth of the 31 studied children had moderate
or low cognitive skills, thus the authors suggested an early
screening performed by paediatricians in this group of chil-
dren could be useful to allow an early detection of the
problem. In the second study, children born after PGT-
A were found to need more paramedical care although
any other increased risk of this group of children could be

, octobre-novembre-décembre 2018
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Table 1. Summary of the studies included in the PGT review

Authors Study design N◦ children Studied diseases Conclusion

Heijligers M, et al. Hum
Reprod 2018 [30]

Prospective
PGT vs. ART vs. NC
5-year-old children

51 PGT; 52 ART;
35 NC

Cognitive and
socio-emotional
development

No differences between
groups

Kuiper D, et al. Hum
Reprod 2018 [32]

RCT
PGT vs. ART
9-year-old children

43 PGT; 56 ART Neurodevelopment.
Cognitive development.
Behaviour. Blood pressure.
Anthropometrics

No differences between
groups

Heijligers M, et al. J
Assist Reprod Genet
2018 [31]

Retrospective
PGT vs. NC
Live born children

364 PGT Congenital malformation.
Adverse perinatal outcome

No differences between
groups

Bay B, et al. Fertil Steril
2016 [26]

Retrospective
PGT vs. ART vs. NC

149 PGT; 36.115
ART; 909.624
NC

Adverse obstetric and
neonatal outcomes

Risk mainly related to
parental condition rather
than the PGT procedure

Sacks GC, et al. Child
Neuropsychol 2016 [34]

Pilot
PGT
4- to 5-year-old children

27 PGT Developmental
neuropsychological profiles

Normal neuropsychological
development in study group

Winter C, et al. Hum
Reprod 2015 [35]

Prospective
PGT vs. ICSI vs. NC
5- to 6-year-old children

47 PGT; 50 ICSI;
55 NC

Psychosocial functioning No differences between
groups

Eldar-Geva T, et al. Fertil
Steril 2014 [29]

Prospective
PGT vs. ICSI vs. NC

242 PGT; 242
ICSI; 733 NC

Neonatal outcomes PGT don’t have an impact
in pregnancy outcomes

Beukers F, et al. Fertil
Steril 2013 [27]

RCT
PGT vs. ART
2-year-old children

50 PGT; 72 ART;
66 NC

Minor and major
morphologic abnormalities

No differences between
groups

Seggers J, et al. Pediatr
Res 2013 [25]

RCT
PGT vs. ART
4-year-old children

49 PGT; 64 ART Blood pressure.
Anthropometrics. Received
medical care

Higher frequency of
received paramedical care
in PGT group

Schendelaar P, et al.
Hum Reprod 2013 [22]

RCT
PGT vs.
4-year-old children

49 PGT; 64 ART Neurological, cognitive and
behavioural development

Altered
neurodevelopmental
outcomes in twins

Thomaidis L, et al.
World J Pediatr 2012
[24]

Prospective
PGT vs. ART

31 PGT Physical development,
neurological characteristics

No deterred growth and
psychomotor development.
Low cognitive skills in 1/5

Liebaers I, et al. Hum
Reprod 2010 [23]

Prospective
PGT vs. ICSI
2 month babies

581 PGT; 2889
ICSI

Term, birthweight, major
malformations; perinatal
death

More perinatal death in
multiple pregnancies of
PGT; but not in singletons

Desmyttere S, et al.
Hum Reprod 2009 [28]

Prospective
PGT vs. ICSI vs. NC
Live born and 2-uear-old

70 PGT; 70 ICSI;
70 NC

Weight, height, head
circumference, congenital
malformations, hospital

No observable detrimental
effects of the PGT
procedure to children

N
H

5 ICS

A : rand

f
o
c
a
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children
ekkebroeck J, et al.
um Reprod 2008 [33]

Prospective
PGT vs. ICSI vs. NC
2-year-old children

41 PGT; 3
43 NC

RT: assisted reproduction techniques; NC: natural conception; RCT
ound neither in their physical characteristics nor in needs
f hospitalization. The reasons for their findings were not
lear since the authors stated that they could be due to
selection bias or also an effect of PGT itself on subtle

arameters of children’s development.

Médecine de la Reproduction, vol. 20, n◦ 4
interventions
I; Socio-emotional and

language development
No differences between
groups

omised control trial
Conclusions

With regard to the literature available nowadays, PGT
itself does not seem to affect negatively the health of the
children born after its application.
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Journal Identification = MTE Article Identification = 0728 Date: February 19, 2019 Time: 2:39 pm

M

n
p
c
T
e
o
c
d
i

L
e

R

1
a
R

2
c
2

3
H
A
f

4
O
f
U

5
p
t
m

6
f
c
t

7
f
c
r
2

8
a
2

9
Y
b

1
e
(

1
a

1
O
d

326
ini-revue

Nevertheless, the recent changes in the biopsy tech-
ique and the findings of some authors that point out to
ossible subtle effects in children’s development make us
onclude that long-term follow up of children born after
RA and, concretely, after PGT is mandatory to really
lucidate if all the techniques we are applying in the lab-
ratory and also the hormonal treatments that patients are
arrying out when using ART, are affecting the health and
evelopment of the offspring. As far as we are concerned,
t still remains to be seen.

iens d’intérêt : Les auteurs déclarent n’avoir aucun lien d’intérêt
n rapport avec cet article.
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