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ABSTRACT

STUDY QUESTION: What are the trends and developments in preimplantation genetic testing (PGT) in 2018 as compared to previous years?

SUMMARY ANSWER: The main trends observed in this 21st dataset on PGT are that the implementation of trophectoderm biopsy
with comprehensive whole-genome testing is most often applied for PGT-A and concurrent PGT-M/SR/A, while for PGT-M and PGT-
SR, single-cell testing with PCR and FISH still prevail.

WHAT IS KNOWN ALREADY: Since it was established in 1997, the ESHRE PGT Consortium has been collecting and analysing data
from mainly European PGT centres. To date, 20 datasets and an overview of the first 10 years of data collections have been published.

STUDY DESIGN, SIZE, DURATION: The data for PGT analyses performed between 1 January 2018 and 31 December 2018 with a
2-year follow-up after analysis were provided by participating centres on a voluntary basis. Data were collected using an online
platform, which is based on genetic analysis and has been in use since 2016.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Data on biopsy method, diagnostic technology, and clinical outcome were sub-
mitted by 44 centres. Records with analyses for more than one PGT for monogenic disorders (PGT-M) and/or PGT for chromosomal
structural rearrangements (PGT-SR), or with inconsistent data regarding the PGT modality, were excluded. All transfers performed
within 2 years after the analysis were included, enabling the calculation of cumulative pregnancy rates. Data analysis, calculations,
and preparation of figures and tables were carried out by expert co-authors.

MAIN RESULTS AND THE ROLE OF CHANCE: The current data collection from 2018 covers a total of 1388 analyses for PGT-M, 462
analyses for PGT-SR, 3003 analyses for PGT for aneuploidies (PGT-A), and 338 analyses for concurrent PGT-M/SR with PGT-A.
The application of blastocyst biopsy is gradually rising for PGT-M (from 19% in 2016–2017 to 33% in 2018), is status quo for PGT-SR
(from 30% in 2016–2017 to 33% in 2018) and has become the most used biopsy stage for PGT-A (from 87% in 2016–2017 to 98% in 2018)
and for concurrent PGT-M/SR with PGT-A (96%). The use of comprehensive, whole-genome amplification (WGA)-based diagnostic
technology showed a small decrease for PGT-M (from 15% in 2016–2017 to 12% in 2018) and for PGT-SR (from 50% in 2016–2017 to 44%
in 2018). Comprehensive testing was, however, the main technology for PGT-A (from 93% in 2016–2017 to 98% in 2018). WGA-based
testing was also widely used for concurrent PGT-M/SR with PGT-A, as a standalone technique (74%) or in combination with PCR or
FISH (24%). Trophectoderm biopsy and comprehensive testing strategies are linked with higher diagnostic efficiencies and improved
clinical outcomes per embryo transfer.

LIMITATIONS, REASONS FOR CAUTION: The findings apply to the data submitted by 44 participating centres and do not represent
worldwide trends in PGT. Details on the health of babies born were not provided in this manuscript.

WIDER IMPLICATIONS OF THE FINDINGS: The Consortium datasets provide a valuable resource for following trends in PGT
practice.

STUDY FUNDING/COMPETING INTEREST(S): The study has no external funding, and all costs are covered by ESHRE. There are no
competing interests declared.
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sive genetic testing

Received: February 14, 2023. Editorial decision: March 7, 2023.
VC The Author(s) 2023. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For
commercial re-use, please contact journals.permissions@oup.com

Human Reproduction Open, 2023, 2023(2), hoad010

https://doi.org/10.1093/hropen/hoad010

ESHRE Pages

https://orcid.org/0000-0002-2108-7075
https://orcid.org/0000-0003-2152-1991
https://orcid.org/0000-0001-9546-4614
https://orcid.org/0000-0002-8601-7369
https://orcid.org/0000-0001-7861-9426
https://orcid.org/0000-0003-1522-6152
https://orcid.org/0000-0002-9342-2143
https://orcid.org/0000-0002-7318-3990
https://orcid.org/0000-0002-2108-7075
https://orcid.org/0000-0002-2108-7075
https://orcid.org/0000-0002-2108-7075
https://academic.oup.com/


Introduction
Since ESHRE established the preimplantation genetic testing
(PGT) Consortium in 1997, its main objectives have been to collect
prospective and retrospective data on PGT treatments and their
outcome, to provide guidance and network opportunities to PGT
centres and to promote best practice. Twenty sets of data on PGT
cycles, analyses, pregnancies, deliveries, and children have been
published to date (Geraedts et al., 1999, 2000; ESHRE PGD
Consortium Steering Committee, 2002; Sermon et al., 2005;
Harper et al., 2006; Sermon et al., 2007; Goossens et al., 2008;
Harper et al., 2008; Goossens et al., 2009; Harper et al., 2010;
Goossens et al., 2012; Moutou et al., 2014; De Rycke et al., 2015,
2017; Coonen et al., 2020; Van Montfoort et al., 2021). An overview
of the first 10 years of data collection was published in 2012
(Harper et al., 2012). Overall, the data collections provide a valu-
able resource for data mining and for following trends in PGT
practice.

Up to data collection XVI (2013), data submission from the
participating centres has been retrospective, relying on pre-
designed Excel and later FileMakerPro (Claris International,
Cupertino, CA, USA) files. The years 2013–2015 were a transition
period and were covered by summary data, collected in Excel
(Coonen et al., 2020). A new online data registration platform was
then used from data collection XIX (2016) onwards. The online
database has been adapted to accommodate the increased com-
plexity and changes in the overall timeline of PGT treatments
and offers the opportunity for real-time data registration. Data
from embryo biopsy, genetic analysis, and embryo transfer, pos-
sibly occurring in completely separate time frames, are registered
in connected modules. The genetic analysis is the central module
to which multiple oocyte collection modules and multiple em-
bryo transfer modules can be linked. The new database structure
therefore differs from the previous data collection systems,
which were based on cycles with one oocyte collection followed
by one analysis and one embryo transfer.

The classification of PGT cycles with sexing for X-linked
diseases and for chromosomal numerical aberrations of high
genetic risk within the PGT-SR indication group has been main-
tained in the new data collection systems. The implementation
of comprehensive genetic testing has enabled concurrent PGT-M/
SR and PGT-A, and data from such double indications were con-
sidered as a distinct category. It also allowed us to better monitor
the incidence of aneuploidies, including mosaic aneuploidies.

This article presents data from PGT treatments registered in
the online database during the year 2018.

Materials and methods
The report includes PGT analyses conducted between 1 January
2018 and 31 December 2018 and covers data on PGT indication,
biopsy method, diagnostic technology, the efficiency of the differ-
ent procedures, and (cumulative) clinical PGT outcome in terms
of positive hCG and live births of all fresh and frozen embryo
transfers reported up until 2 years after the analysis date. Data
on PGT treatments were provided by 44 Consortium members,
mainly based in European countries (39), covering the following
treatment modalities: PGT for monogenic/single gene defects
(PGT-M), PGT for chromosomal structural rearrangements
(PGT-SR), PGT for aneuploidies (PGT-A), and concurrent PGT-M or
PGT-SR with PGT-A. Centres used a unique login account to up-
load the data in an anonymized format onto an online platform
designed for the specific requirements of this data collection
(Dynamic Solutions, Barcelona, Spain). The database was

exported to SQL Server Management Studio Version 15 (Microsoft
Corporation, Redmond, WA, USA) and Structured Query
Language (SQL) was used to retrieve the data per analysis from
the database. These data were exported to Excel 2016 (Microsoft
Corporation, Redmond, WA, USA) where the tables with the num-
bers and percentages as well as the figures were generated. A to-
tal of 5670 genetic analyses conducted within 2018 were entered
into the database. In total, 408 (7.2%) were excluded because no
indication for PGT was filled in and 71 (1.2%) analyses had to be
excluded because of inconsistent data regarding the PGT modal-
ity or the number of indications. Within the included PGT analy-
ses (n¼ 5191), missing data were left blank and are reported as
‘not reported’. Following curation, in-depth data analysis was
carried out by expert members of the ESHRE PGT Consortium
Steering Committee.

The data from 2018 are compared to the data from 2016 to
2017 (Van Montfoort et al., 2021) or to means from earlier data-
sets. The terminology used in this report was based on the re-
vised glossary for infertility care (Zegers-Hochschild et al., 2017).
A clinical pregnancy was defined as the presence of at least one
positive heartbeat. An ongoing pregnancy was defined as the
presence of at least one positive heartbeat at 12 weeks of gesta-
tion and a live birth was defined as a liveborn child after 20 weeks
of gestation.

Results
The current data collection covers a total of 5191 analyses
initiated in 2018 with PGT-M accounting for 27%, PGT-SR for
9%, PGT-A for 58%, and concurrent PGT-M/SR with PGT-A for 6%
of analyses. Overall data per PGT modality are presented in
Figs 1, 2, and 3, Tables I and II and the text, while detailed results,
per modality and per sub-indication, can be found in
Supplementary Tables SI, SII, SIII, SIV, SV, SVI, SVII, SVIII, SIX,
SX, SXI, and SXII.

PGT-M
During 2018, 1388 PGT-M analyses were reported, the majority
of which were linked with a single oocyte collection (93%) or
biopsy event (97%), with a mean female age of 32.9 years
(Supplementary Table SI). Nearly two-thirds of PGT-M analyses
were performed for an autosomal dominant disease (64%), fol-
lowed by autosomal recessive and X-linked indications, which
accounted for 19% and 18%, respectively (Fig. 1A), in line with the
previous datasets. The top 10 of the indications for which PGT-M
is performed are depicted in Fig. 2. Nine percent of the analyses
are performed for Huntington’s disease, followed by hereditary
breast cancer type 1 (5.4%), Fragile-X syndrome (5.3%), myotonic
dystrophy type 1 (4.5%), and cystic fibrosis (3.7%).

In line with previous data, ICSI was the main fertilization
method (97%), and cleavage-stage biopsy was, in 2018, still the
most widely used biopsy stage (65%) (Fig. 3). PCR remained the
most widely used first-line method of DNA amplification (85%).
Compared to other modalities, the application of blastocyst bi-
opsy is only gradually increasing in PGT-M (8% in 2013, 12% in
2015, 19% in 2016–2017, and 33% in 2018). The implementation of
comprehensive, whole-genome amplification (WGA) diagnostic
technology (9% in 2013, 12% in 2015, 15% in 2016–2017, and 12%
in 2018) remains status quo. Further detailed results on ART
method, biopsy stage and analysis method for PGT-M analyses
can be found in Supplementary Table SI.

Data on biopsy and analysis at embryo level for PGT-M are
presented in Table I and Supplementary Table SII. Of the 7519
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embryos for biopsy, 5% were thawed/warmed embryos. Most of
the embryos analysed gave a diagnostic result (87%) of which
50% were genetically transferable. This is concordant with previ-
ous datasets: 88% of analysed embryos gave a diagnostic result
and 47% were genetically transferable in dataset XIX–XX. Of the
13% of embryos without diagnosis, 6% showed an inconclusive

result, while in 7%, the analysis failed. Of all transferable embryos,
22% were freshly transferred, 60% were cryopreserved, and 16%
could not be used for the patient, most likely because of poor em-
bryo development between biopsy and transfer stage. When
expressed per biopsied embryo, 43% were genetically transferable,
and 10% and 26% were transferred and cryopreserved, respectively.

Within the 2 years following the 1388 analyses reported, 1375
transfers were performed, 92% of which were single embryo
transfers, 36% were fresh, and 64% were frozen transfers
(Table II, Supplementary Table SIII).

Overall, a positive hCG was obtained in 41% of transfers, yield-
ing a clinical pregnancy rate of 32% per embryo transfer procedure.
This is in line with the clinical outcome reported in the 2016–2017
dataset (35% per embryo transfer), however, with a small reduc-
tion in the outcome. When expressed per analysis (n¼ 1388) and
per analysis with at least one transfer (n¼ 979), the cumulative
positive hCG and clinical pregnancy rate 2 years after the analysis
were 40%/57% (positive hCG) and 31%/44% (clinical pregnancy), re-
spectively. In 6% of the transfers, the pregnancy was lost to follow-
up after the clinical pregnancy. Of the remaining 360 clinical preg-
nancies, 341 (95%) went on to an ongoing pregnancy and 334 (98%)
ended in at least one live birth. The number of reported live born
children in the remaining transfers was 352.

PGT-SR
For 2018, 462 PGT-SR analyses were reported, the majority of
which were linked with a single oocyte collection (92%) or biopsy

Figure 1. Distribution of PGT indications in 2018. (A) Preimplantation genetic testing for monogenic/single gene defects (PGT-M), (B) PGT for
chromosomal structural rearrangements (PGT-SR), (C) PGT for aneuploidies (PGT-A), and (D) concurrent PGT-M/SR with PGT-A. AD, autosomal
dominant; AR, autosomal recessive; XL-D, X-linked dominant; XL-R, X-linked recessive; AMA, advanced maternal age; Rec misc, recurrent miscarriage;
RIF, repeated implantation failure; Prev abnormal pregn, previous abnormal pregnancy.

Figure 2. Top 10 of the indications for which PGT-M was applied in
2018. PGT-M: preimplantation genetic testing for monogenic/single gene
defects.
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event (97%). The mean age of women undergoing PGT-SR was
34.2 years (Supplementary Table SIV). PGT for reciprocal translo-
cations was performed more often than for any other type of
structural rearrangement (67%), while Robertsonian transloca-
tions accounted for 18% of PGT-SR analyses (Fig. 1B). For recipro-
cal translocations, the number of cycles performed for female
carriers (48%) equalled that for male carriers (51%), whereas for
Robertsonian translocations, the number of cycles performed for
male carriers was about 2-fold that of female carriers. Figures are
similar to those of previous datasets. ICSI was the preferred fertil-
ization method (89%) (Fig. 3). Cleavage-stage biopsy was most ap-
plied (65%) and remained at the same level as was reported in
previous datasets (73% in 2014, 63% in 2015, and 67% in 2016–
2017). Biopsy at the blastocyst stage was performed in 33% of
cases. In more than half of the analyses (52%), FISH remained the
preferred methodology. Overall, the use of comprehensive, WGA-
based technology has slightly increased when compared with the
previous dataset (44 to 50%), comprising a greater proportion of

cycles applying next-generation sequencing (NGS) (14 to 26%) at
the expense of the proportion of cycles applying array compara-
tive genomic hybridization (array CGH) (35 to 16%).

Further detailed results on ART method, biopsy stage and
analysis method for PGT-SR analyses can be found in
Supplementary Table SIV.

Data on biopsy and analysis at embryo level for PGT-SR are
presented in Table I and Supplementary Table SV. Ten percent of
the 2253 embryos for biopsy were thawed/warmed embryos. A di-
agnosis was assigned in 92% of the analysed embryos. Of all
transferable embryos, 36% were freshly transferred, 52% were
cryopreserved, and 12% could not be used for the patient because
of insufficient embryo morphology.

Of all analyses, 58% were linked with at least one embryo
transfer procedure within the 2 years following the analysis, ei-
ther in a fresh (40%) or a frozen (60%) cycle (Table II and
Supplementary Table SVI). A single embryo was transferred in
90% of embryo transfers.

A positive hCG was obtained in 35% of transfers, with a clinical
pregnancy rate of 27% per embryo transfer (Table II), which is
slightly lower than the outcome reported in the 2016–2017 data-
set (30% per embryo transfer). Per analysis, the cumulative posi-
tive hCG and clinical pregnancy rates were 25% and 19%,
respectively, while per analysis with at least one transfer, the
rates were 42% and 32%. Five percent of the transfers with a clini-
cal pregnancy were lost to follow-up. The remaining 72 clinical
pregnancies resulted in 72 (100%) ongoing pregnancies and 72
(100%) pregnancies with at least one live birth (Table II).

PGT-A
During 2018, 3003 PGT-A analyses were reported, the majority of
which were linked with a single oocyte collection (95%) or biopsy
event (90%). The average female age of women applying for PGT-
A was 38.6 years. As expected, the age of women referred for ad-
vanced maternal age (AMA) (40.6 years) and oocyte donation
(41.2 years) were the highest (Supplementary Table SVII). The
most common indication for PGT-A was AMA (67%), followed by
recurrent miscarriage (8%) and repeated implantation failure
(6%) and severe male factor (3%) previous abnormal pregnancy
(1.4%) and oocyte donation (1%) (Fig. 1C). In 8% of analyses, PGT-
A was performed without a reported medical indication.

The trend of performing PGT-A as a common IVF add-on was
noted for the first time in the datasets 2013–2015 and 2016–2017
(5–9% without indication).

In 99% of all analyses, ICSI was used for fertilization (Fig. 3A).
Almost all the biopsies were performed at the blastocyst stage
(98%). Cleavage-stage biopsy, which was 8% in 2016–2017,
accounted for only 0.6% in 2018 (Fig. 3B). For the genetic analysis,
WGA-based methodologies, coupled with array CGH, accounted
for only 3%, while analysis with NGS was performed in 95% of the
cases (Fig. 3C). This was a further increase from the 93% figure
from 2016–2017. FISH, which is not recommended for PGT-A
(ESHRE PGT-SR/PGT-A Working Group et al., 2020), was used only
in 0.7% of analyses, showing a reduction of 2.3% since the data of
2016–2017. Further detailed results on ART method, biopsy stage
and analysis method for PGT-A analyses can be found in
Supplementary Table SVII.

Data on biopsy and analysis at embryo level for PGT-A are pre-
sented in Table I and Supplementary Table SVIII. Only a minority
of the 9416 embryos had been cryopreserved prior to biopsy (2%).
Of the embryos analysed, 98% gave a diagnosis: 54% of these di-
agnosed embryos were aneuploid, 39% were euploid, and 7% of
embryos were diagnosed as mosaic embryos. As expected, the

Figure 3. Distribution of methods used among the different PGT
modalities in 2018. (A) ART method, (B) biopsy stage, and (C) analysis
method. PGT-M: preimplantation genetic testing for monogenic/single
gene defects; PGT-SR: PGT for chromosomal structural rearrangements;
PGT-A: PGT for aneuploidies; PGT-M/SR þ PGT-A: concurrent PGT-M/SR
with PGT-A; Combi: combination; WGA: whole-genome amplification;
qPCR: quantitative PCR.
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majority of aneuploid embryos (64%) were found in AMA cycles
and the lowest number (20%) was found in the oocyte donation
group. Within these two groups, mosaic embryos accounted for
5% and 17%, respectively. Most of the euploid and mosaic em-
bryos were cryopreserved (98% and 96%, respectively)
(Supplementary Table SVIII). This was expected, given the fre-
quent use of blastocyst biopsy with comprehensive analysis,
which is usually coupled with embryo cryopreservation and
transfer in a later cycle. The majority of the aneuploid embryos
were discarded (80%) and 20% were cryopreserved.

At least one embryo transfer procedure was carried out for
50% of analyses, almost all (99%) being a frozen embryo transfer
and involving a single embryo (94%), which was either euploid
(94%) or mosaic (5%) (Table II and Supplementary Table SIX). A
positive hCG was obtained in 61% of transfers, leading to a clini-
cal pregnancy rate of 55% per embryo transfer. The 2016–2017
dataset showed a clinical pregnancy rate of 52% per embryo
transfer, indicating a slightly increased outcome for the current
dataset. Per analysis, a cumulative positive hCG rate of 38% and
a clinical pregnancy rate of 34% was reached, while after includ-
ing only the analyses with a transfer, these rates were 77% and
68%, respectively. With a lost to follow-up after a clinical preg-
nancy of 8% of the transfers, a total of 838 live born children were
reported (Supplementary Table SIX).

Concurrent PGT-M/PGT-SR and PGT-A
For 2018, 338 analyses for the concurrent indication group were
reported (Table II). One-third concerned PGT-M with PGT-A (35%)
and two-thirds involved PGT-SR with PGT-A (65%) (Fig. 1D). A mi-
nority of analyses were linked with more than one oocyte collec-
tion (15%) or biopsy event (17%), pointing to the practice of
pooling of oocytes/embryos before analysis. The finding that only
4% of the biopsied embryos were thawed/warmed before biopsy
indicates that embryos are biopsied before cryopreservation and
the biopsied samples are stored and pooled into one analysis.
Pooling of more than a single cohort of embryos likely yields a
larger series of samples for testing and ensures a better chance
that a genetically transferable embryo ensues after selection for
both PGT-M/SR and PGT-A. Pooling at the level of analysis cir-
cumvents multiple vitrification-warming of embryos compared
to the practice of accumulation at the level of biopsy. The prac-
tice of pooling seems more applied for the concurrent indication
group than for other PGT modalities.

The mean female age of women applying for concurrent PGT-
M/PGT-SR and PGT-A was 34.5 years (Supplementary Table SX).
Most cycles were performed with ICSI (96%) (Fig. 3) and biopsy
was primarily performed at the blastocyst stage (96%). For the

PGT-SR/PGT-A subgroup, comprehensive WGA methods were ap-
plied in 96% of analyses with the majority WGA followed by NGS
(86%). For the PGT-M/PGT-A subgroup, the most frequent meth-
ods were WGA followed by NGS (27%), WGA and SNP array (5%),
and combined methods (67%). Further detailed results on
ART method, biopsy stage and analysis method for concurrent
PGT-M/SR and PGT-A analyses can be found in Supplementary
Table SX.

Data on biopsy and analysis at embryo level for PGT-M/SR with
PGT-A are presented in Table II and Supplementary Table SXI.
Here again, most embryos for biopsy were fresh embryos (96%).
Genetic diagnosis was successful for 96% of analysed embryos.

Within the group of embryos which are genetically transfer-
able and euploid for PGT-M/PGT-SR (n¼ 599), many embryos
were cryopreserved: 97% of euploid embryos, 69% of mosaic em-
bryos, and even 34% of aneuploid embryos. As can be expected,
most of the latter embryo group is discarded (66%), and so are
28% of mosaic embryos.

Within the group of non-genetically transferable embryos
(n¼ 584), a large part is discarded: 57% of euploid embryos, 30%
of mosaic embryos, 67% of aneuploid embryos, and 70% of em-
bryos without diagnosis for PGT-A. Remarkably, a part of the
non-genetically transferable embryos is still cryopreserved (43%
euploid embryos, 70% mosaic embryos, 33% aneuploid embryos,
and 30% of embryos without diagnosis for PGT-A). In total, 35.4%
(207/584) of non-genetically transferable embryos remain cryo-
preserved. It is unclear whether this relates to data from centres
which are obliged to cryopreserve all tested embryos because of
legal regulations or whether the centres’ policy considers the pos-
sibility of transferring these embryos. In 483 embryos (29%), only
a PGT-A diagnosis was entered into the database instead of a
combined PGT-M/SR and PGT-A diagnosis. These were therefore
labelled as missing in Supplementary Table SXI.

At least one embryo transfer procedure was feasible for 61% of
analyses (Table II and Supplementary Table SXII). Nearly all
transfers involved a frozen embryo transfer (98%) and a single
embryo (96%). Embryos effectively transferred were usually
genetically transferable plus euploid (62%), mosaic (2%), or
diagnosis for PGT-A was not reported (3%). Four percent of the
transferred embryos were euploid/mosaic, genetically non-
transferable and 25% were euploid with unreported genetic
transferability.

A positive hCG was obtained in 58% of transfers leading to a
clinical pregnancy rate of 52% per embryo transfer. Per analysis,
the cumulative positive hCG rate was 45% and the clinical preg-
nancy rate 40%. Per analysis with transfer these rates are 73%
and 65%. One hundred and thirteen live born children have been

Table I. Data on biopsy and analysis at embryo level.

PGT-M PGT-SR PGT-A PGT-M/SR þ PGT-A Total Total/# biopsied

# biopsied (initial) 7519 100% 2253 100% 9416 100% 1810 100% 20 998 100% 100%
# fresh 7121 95% 2034 90% 9236 98% 1739 96% 20 130 96% 96%
# thawed/warmed 398 5% 219 10% 180 2% 71 4% 868 4% 4%

# analysed 7396 100% 2212 100% 9355 100% 1729 100% 20 692 100% 99%
# not diagnosed 942 13% 180 8% 192 2% 63 4% 1377 7% 7%

# failed 507 7% 74 3% 88 1% 35 2% 704 3% 3%
# inconclusive 435 6% 106 5% 104 1% 28 2% 673 3% 3%

# diagnosed 6454 87% 2032 92% 9163 98% 1666 96% 19 315 93% 92%

# immediate transfer 722 223 76 11 1032 5%
# frozen 1918 319 5133 876 8246 39%

PGT-M: preimplantation genetic testing for monogenic/single gene defects; PGT-SR: PGT for chromosomal structural rearrangements; PGT-A: PGT for aneuploidies;
PGT-M/SR þ PGT-A: concurrent PGT-M/SR with PGT-A.
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reported. These data are similar to those of the previous data col-

lection.

Discussion
The ESHRE PGT Consortium was established almost simulta-

neously with the start of PGT treatment and has, since 1997, pub-

lished 20 extensive data collection reports. This allows the

Consortium to have continuous monitoring of the evolution of

PGT in European and non-European countries. The data reported

in the present article involve data from the year 2018. As in the

2016–2017 report, this report also analysed data from PGT-M/SR

and PGT-A double indications allowing monitoring of the inci-

dence of aneuploidies, including mosaic aneuploidies, in embryos

analysed for PGT-M and PGT-SR since 2016. This indicates that

the analysis of the entire chromosome set-up of the embryo is be-

coming increasingly widespread.
The relative contributions of PGT-M (37%), PGT-SR (9%),

PGT-A (58%), and concurrent PGT-M/SR/A (6%) have shifted

slightly in favour of PGT-A, now reaching more than half of the

cycles. This may, however, be a coincidence as the cohort of

contributing centres differs with each dataset, or this may

point to an increased application of PGT-A. The major indica-

tion of each PGT modality (AMA for PGT-A, reciprocal translo-

cation for PGT-SR, and autosomal dominant disease for PGT-M)

has not changed compared to previous datasets. Compared to

the overview of the first 10 years of data collection (Harper

et al., 2012), the top five PGT-M indications from this 2018 data-

set and the ranking of the 10 years’ overview paper have four

indications in common: cystic fibrosis, Huntington’s disease,

myotonic dystrophy type 1, and fragile X. Testing for breast

cancer gene 1 (BRCA) (likely) pathogenic variants, not men-

tioned in the list of 15 most frequent indications in the 10 years’

review, is the second most frequent PGT-M indication in the

current dataset.
Although trophectoderm biopsy and comprehensive

genetic testing have emerged as preferential methods for PGT-A

and concurrent PGT-M/SR/A in previous years, the

implementation of these methods for PGT-M or PGT-SR remains

limited.
The efficiency of diagnostic testing is acceptable for PGT-M

(87%) and PGT-SR (92%), Genetic testing for these modalities is

mostly based on single cell-testing (65%) which may explain the

failed and inconclusive results. The diagnostic efficiency of the

modalities where mainly a small number of trophectoderm cells

are biopsied for genetic testing is higher (98% for PGT-A and 96%

for concurrent PGT-M/SR/A).
The percentages of mosaic embryos for PGT-A and PGT-M/SR/

A reported in this data collection seem lower than the percen-

tages currently reported in the literature. As only 27 out of 44

Table II. Data on data transfer and pregnancy outcome (% are related to number of transfers).

PGT-M PGT-SR PGT-A PGT-M/SR þ PGT-A Total

# analyses 1388 27% 462 9% 3003 58% 338 7% 5191

# analyses without transfer* 409 29% 194 42% 1515 50% 131 39% 2249 43%
# analyses with transfer* 979 71% 268 58% 1488 50% 207 61% 2942 57%

# transfers 1375 100% 326 100% 1862 0 260 100% 3823 100%
# with fresh embryos 488 36% 130 40% 17 1% 3 1% 638 17%
# with thawed/warmed embryos 884 64% 196 60% 1845 99% 256 98% 3181 83%
# with fresh and thawed/warmed embryos 3 0% 0 0% 0 0% 0 0% 3 0%
# not reported 0 0% 0 0% 0 0% 1 0% 1 0%

# SET 1260 92% 295 90% 1741 94% 250 96% 3546 93%
# DET 109 8% 31 10% 121 6% 10 4% 271 7%
# >DET 6 0% 0 0% 0 0% 0 0% 6 0%
# SET_unknown 0 0% 0 0% 0 0% 0 0% 0 0%

# positive hCG test 561 41% 114 35% 1145 61% 151 58% 1971 52%

# lost to FU after positive hCG test 5 0% 6 2% 15 1% 4 2% 30 1%
# PUL 86 6% 15 5% 73 4% 9 3% 183 5%
# blighted ovum 29 2% 5 2% 37 2% 4 2% 75 2%
# ectopic pregnancies 5 0% 1 0% 4 0% 0 0% 10 0%
# clinical pregnancies 436 32% 87 27% 1016 55% 134 52% 1673 44%

# lost to FU after clinical pregnancy 76 6% 15 5% 155 8% 20 8% 266 7%
# pregnancy loss <12 weeks 19 1% 0 0% 41 2% 5 2% 65 2%
# ongoing pregnancy (>12 weeks) 341 25% 72 22% 820 44% 109 42% 1342 35%

# singletons 327 24% 69 21% 786 42% 103 40% 1285 34%
# multiples 14 1% 3 1% 34 2% 6 2% 57 1%

# lost to FU after ongoing pregnancy 0 0% 0 0% 1 0% 0 0% 1 0%
# pregnancy loss 12–20 weeks 6 0% 0 0% 20 1% 2 1% 28 1%
# pregnancy with no live birth 1 0% 0 0% 5 0% 0 0% 6 0%
# pregnancy with at least one live birth 334 24% 72 22% 794 43% 107 41% 1307 34%

# live born children 352 77 838 113 1380

*% expressed per # analyses
SET: single embryo transfer; DET: double embryo transfer; PUL: pregnancy of unknown location; FU: follow-up; PGT-M: preimplantation genetic testing for
monogenic/single gene defects; PGT-SR: PGT for chromosomal structural rearrangements; PGT-A: PGT for aneuploidies; PGT-M/SR þ PGT-A: concurrent PGT-M/SR
with PGT-A.

6 | ESHRE PGT Consortium data collection XXI



centres reported mosaic embryos, these data are limited and
should be confirmed with additional data. Before the first paper
on the transfer of mosaic embryos leading to healthy babies in
2015 (Greco et al., 2015), mosaic embryos were not transferred
(Viotti, 2020). It is likely that PGT centres were still adapting their
transfer policy in 2018. Based on the recent survey on mosaic em-
bryos of the ESHRE Working Group on Chromosomal Mosaicism
et al. (2022), in which it is reported that 80% of centres that biopsy
three or more cells report mosaicism, we might expect that in fu-
ture Consortium data collections, there will be an increase in
centres reporting mosaics.

The historical mean clinical pregnancy rate was stable at
around 30% per embryo transfer for all PGT modalities. Clinical
outcomes per embryo transfer for PGT-M are slightly above this
mean in the recent data collections: 34%, 35%, and 32% for the
2013–2015, 2016–2017, and the 2018 datasets, respectively. For
PGT-SR, the clinical outcomes are still in line with the historical
mean: 34%, 30%, and 27% for the 2013–2015, 2016–2017, and the
2018 datasets, respectively. The enhanced outcomes for PGT-A
(47% and 50% in datasets 2013–2015 and 2016–2017, respectively)
are confirmed in the current dataset with a clinical pregnancy
outcome of 55% per transfer. As the implementation of trophec-
toderm biopsy (98%), comprehensive testing (98%), and frozen
embryo transfer (99%) is the most advanced for this indication
group, the question arises of whether these practices are some-
how associated with improved clinical outcomes. There were no
big changes reported for PGT-M or PGT-SR without PGT-A con-
cerning biopsy and testing policies (trophectoderm biopsy in 30%
of all cases, in both modalities; the use of comprehensive testing
in 12% and 44%, respectively). There is a small shift towards
transfer after cryopreservation instead of fresh embryo transfer
(from 58% to 64% for PGT-M and from 54% to 60% for PGT-SR)
but none of these has an impact on clinical outcomes. Similar
good clinical pregnancy rates were found for concurrent PGT-M/
SR and PGT-A, a modality with similar practices of mainly tro-
phectoderm biopsy (96%), comprehensive testing (74%), or com-
prehensive testing in combination with PCR or FISH (24%) and
frozen embryo transfer (98%). The clinical pregnancy rate was
50% for PGT-M/A cycles and 32% in PGT-M cycles without PGT-A.
The difference in clinical outcome for the PGT-SR group (27%)
versus the PGT-SR/A group (53%) is 2-fold. It remains to be seen
whether further advances in ART practices for PGT-M and PGT-
SR lead to better clinical outcomes.

For concurrent PGT-M/SR and PGT-A groups, it was also possi-
ble to evaluate the incidence of mosaic embryos and the fre-
quency of aneuploidy in genetically transferable embryos.
Similar to observations in the 2016–2017 collection, for PGT-M þ
PGT-A, 7% of the analysed embryos were reported to be mosaic,
while only 2% were reported in the PGT-SR þ PGT-A group. After
PGT-A, 19% of genetically transferable embryos for PGT-M and
8% for PGT-SR were aneuploid. These are similar to values
reported in the 2016–2017 collection in which for PGT-M and
PGT-SR, 23% and 13% of genetically transferable embryos were
aneuploid, respectively, confirming a high percentage of aneu-
ploid embryos in these groups.

This report presents the second dataset from the online plat-
form. A particular benefit of this new database is that its struc-
ture allows calculation of cumulative outcome rates from the
multiple fresh/frozen transfers following an analysis. This is an
asset, given that since the implementation of vitrification, and
the introduction of a freeze-all strategy related to the introduc-
tion of trophectoderm biopsies and comprehensive testing, ART/

PGT outcome measurements have shifted to cumulative success
rates.

However, with the implementation of the new online plat-
form, the number of registered treatments has decreased (5191
analyses in 2018 and 8803 analyses in 2016–2017 versus 11 120
cycles to oocyte retrieval in 2015), while the number of participat-
ing centres has also decreased compared to previous years (44 as
compared to the average number of 62 from 2010–2017). This de-
creasing trend conflicts with data from the ESHRE European IVF-
Monitoring Consortium, showing an increase in PGT practice
(Wyns et al., 2021); the latter data more likely reflect the true PGT
activity given that IVF/ICSI data submission is compulsory in
some countries. Detailed data registration to the PGT database,
done on a voluntary basis, is time-consuming and this may par-
ticularly form a burden for large PGT centres. Therefore, it was
accepted that some centres registered partial data. In this way,
by focusing on data quality and not on quantity, the data pre-
sented are reliable and still reflect the major trends in these PGT
centres. The ESHRE PGT Consortium Steering Committee greatly
acknowledges the effort of all centres for their contribution.

The new online platform has a specific module for follow-up
of children born; however, these data were not included in the
current data report. It was decided to collect these data over a
longer period and report them later in a separate article.

Supplementary data
Supplementary data are available at Human Reproduction Open on-
line.
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All data are incorporated into the article and its Supplementary
Material.
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