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J Garcı́a-Velasco , J Llácer , A Requena , MA Checa , on behalf of the Spanish Infertil-
ity SWOT Group (SISG), Preimplantation genetic screening for aneuploidy (PGT-A 2.0)
in assisted reproduction: A SWOT analysis, Reproductive BioMedicine Online (2019), doi:
https://doi.org/10.1016/j.rbmo.2019.07.037

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo editing,
typesetting, and review of the resulting proof before it is published in its final form. Please note that
during this process changes will be made and errors may be discovered which could affect the content.
All legal disclaimers that apply to the journal pertain.

© 2019 Published by Elsevier Ltd on behalf of Reproductive Healthcare Ltd.

https://doi.org/10.1016/j.rbmo.2019.07.037
https://doi.org/10.1016/j.rbmo.2019.07.037


Preimplantation genetic screening for aneuploidy (PGT-A 2.0) in assisted reproduction: A 

SWOT analysis 

 

Running title: PGS 2.0: a SWOT analysis 

 

Authors: Bellver J1, Bosch E1, Espinós JJ2, Fabregues F3, Fontes J4, García-Velasco J5, Llácer J6, 

Requena A5 Checa MA7 on behalf of the Spanish Infertility SWOT Group (SISG) 

 

Affiliations: 

1Instituto Valenciano de Infertilidad. Plaza de la Policía Local, 3. Valencia 46015. Spain. 

Departamento de Pediatría, Obstetricia y Ginecología. Facultad de Medicina. Universidad de 

Valencia.  

2Fertty. Ausiàs March 25. Barcelona, 08010. Spain. Hospital de la la Santa Creu i Sant Pau. Sant 

Antoni M. Claret 167. Barcelona 08025. Spain 

3Institut Clinic Gynecology, Obstetrics and Neonatology (ICGON). Hospital Clinic.  

C/Villarroel 160. Barcelona 08036. Spain 

4Hospital Universitario Virgen de las Nieves. Avd Fuerzas Armadas s/n. Granada 18014. Spain  

5IVI RMA Madrid. Avda. del Talgo 68, Madrid 28023. Spain  

6Instituto Bernabeu Alicante 

7 Hospital del Mar-Parc de Salut Mar. Paseo Maritimo 25-29. Barcelona 08005. Spain 

Corresponding author:  

Miguel Angel Checa M.D., Ph.D. 

Address: Passeig Marítim, 25-29, 08003 Barcelona 

Telephone: +34 932 48 30 00 

E-mail: MACheca@parcdesalutmar.cat 



Highligths 

 PGT-A 2.0 technologies have advanced considerably and there are no updated 
assessments 

 PGT-A 2.0 is becoming a common practice to improve reproductive results. 

 Data in favor of the intervention are based on studies with some methodological 
limitations 

 PGT-A 2.0 should not have an indiscriminate application at present  

 PGT-A 2.0 might be indicated in cases in which the risk of aneuploidy is increased 
 

ABSTRACT 

Second generation preimplantation genetic screening for aneuploidy (PGT-A 2.0) in patients 

with unfavorable reproductive and in vitro fertilization (IVF) prognosis is becoming a common 

practice to improve reproductive results. However, there is still no clear evidence on the 

possible advantages and drawbacks with regard to this procedure. In this discussion paper, 

based on a SWOT (strengths, weaknesses, opportunities, threats) analysis, the different 

aspects of this strategy are evaluated.  

Current evidence suggests that PGT-A 2.0 should not have an indiscriminate application at 

present, but might be indicated in cases in which the risk of aneuploidy is increased. 

 

Keywords: Preimplantation genetic screening, assisted reproduction, infertility, implantation, 

live birth, blastocyst biopsy. 

 

Key message 

 Clinical studies suggest that PGT-A 2.0 helps to optimize the result of the IVF cycle but 
there are still a number of limitations  

 PGT-A 2.0 should not have an indiscriminate application at present but may be 
indicated in cases in which the risk of aneuploidy is increased 



INTRODUCTION 

Several techniques for embryo selection have been developed in in vitro fertilization (IVF), 

including screening procedures for numeric or structural chromosome abnormalities which are 

collectively known as preimplantation genetic screening for aneuploidy (PGT-A) (Rubio et al., 

2017). In the 1990s, a first version of PGT-A (PGT-A 1.0), based on a day 3 biopsy and the 

genetic analysis by fluorescence in situ hybridization (FISH), became widespread. However, 

results from several randomized controlled trials (RCTs) showed that this approach did not 

clearly increase live birth rates and in some cases may have even reduce them (Mastenbroek 

et al., 2011).  

During the last few years a new generation of preimplantation genetic screening (PGT-A 2.0) 

has been introduced. PGT-A 2.0, as contrasted to PGT-A 1.0, is characterized by trophectoderm 

biopsy and aneuploidy assessments of all chromosome pairs instead of FISH of a limited set of 

chromosomes (Gleicher et al., 2014). The PGT-A 2.0 has been routinely used since 2008 with 

the aim of improving IVF efficiency (MastenbroeK and Repping, 2014). However, success was 

defined by various authors in many different ways making it very difficult to compare the 

outcomes of numerous studies (Geraedts and Sermon, 2016). Moreover, in the last decade, 

PGT-A 2.0 technologies have advanced considerably and there are no updated assessments 

with regard to their possible role in assisted reproductive technology (ART) as well as the 

possible impact of the biopsy at the blastocyst stage over the reproductive outcomes (Gleicher 

et al., 2017).  

For this reason, we designed the following SWOT (strengths, weaknesses, opportunities, 

threats) analysis to assess the available published evidence on the possible recommendation 

of PGT-A 2.0 for women of reproductive age. Additionaly, this SWOT analysis provides the 

scientific level of evidence for each of the reviewed papers to avoid subjectivity in their 

statements.  



METHODS 

In this study, a SWOT analysis was carried out to understand the perceived strengths 

and major pitfalls of the PGT-A 2.0, to identify the opportunities that can be taken and 

the key threats to this technology according to the bibliography analyzed, and to know 

the experts’ point of view. The SWOT method is recently applied in fertility medical 

research when there is insufficient scientific evidence to assess the applicability or not 

of a particular technique, give light on specific issues and evaluate the possible pros and 

cons. (Barrow, 2016; Blockeel et al. 2016;Engmann et al., 2016; Esteves et al. 2017). 

First, a bibliographic search was carried out aimed at "preimplantation genetic screening” and 

“PGT-A 2 preimplantation” limited to the last 5 years. The primary review of the literature 

revealed 170 relevant articles. It is important to note that all published papers in the English 

literature addressing PGT-A#2 during the search years were reviewed. A division of the total 

number of references among the researchers and an Excel spreadsheet for each of the 

sections of the SWOT was proposed, which would be available on the SISGtool.org platform 

along with the corresponding references. In each of the tables the ideas/phrases proposed for 

each section would be noted and each researcher would add to each of them the studies 

classified by the degree of evidence. To unify the criteria for the evaluation of the evidence, 

the CEBM levels of quality of evidence were followed (Oxford CEBM, 2009) (Table).  

RESULTS 

1. STRENGTHS 

1.1 PGT-A 2.0 is the strongest and most evaluated technique  

The diagnostic platforms used to perform PGT-A 2.0 have improved considerably in recent 

years (Scott 2017: evidence 5). Current data strongly support the utilization of technologies 

that are capable of simultaneously evaluating the ploidy status of all 23 chromosome pairs 



(Brezina et al., 2015; 2016). Therefore, other more limited technologies, including 

fluorescence-in-situ hybridization (FISH), are discouraged (Dahdouh et al., 2015: evidence 3a) 

and the use of more comprehensive and reliable analytical platforms such as single nucleotide 

polymorphism (SNP) array, quantitative polymerase chain reaction, array comparative 

genomic hybridization (aCGH), and next-generation sequencing (NGS) have been validated 

with class I data to provide improved results (increased implantation rates, improved delivery 

rates, greater proportion of pregnancies continuing beyond 20 weeks' gestation and achieving 

lower multiple pregnancy rates for the same ongoing pregnancy rate ) (Kane et al., 2016; Scott 

2017: evidence 1b). 

PGT-A 2.0 presents a high level of consistency and reproducibility in different centers and with 

different embryologists (Capalbo 2015; evidence 2a). Error rates with all the methods of 24-

chromosome aneuploidy detection are low (1-2%), but clinical error rates with diagnoses of 

partial aneuploidy, mosaicism, or partial mosaicism are still unknown (Maxwell and Grifo, 

2018). Predictive positive and negative values have been estimated around 4% (Scott et al., 

2012; Rubino et al. 2016: evidence 1b). Each platform presents advantages and disadvantages 

(Table. 1), but some such as next-generation sequencing (NGS), are capable of evaluating far 

more data points than has been previously possible (Goodrich et al. 2017; evidence 1b; 

Brezina et al., 2016; evidence 1c) and with better cost-effective results compared to other 

platforms (Sueoka et al. 2015: evidence 4). 

1.2 PGT-A 2.0 Improves embryo selection: improves implantation rates and pregnancy rates  

Aneuploidy increases with advanced maternal age (AMA) and is inversely proportional to 

implantation rates (IR). Transferred aneuploid embryos rarely result in a viable pregnancy 

(Spinella et al., 2018). Normally, to bypass the risk of high embryonic aneuploidy rates in ART, 

multiple embryos have been transferred with the aim of achieving at least one single live birth. 

However, this practice has been associated with a high rate of multiple pregnancies, a risky 



situation to both fetus and mother (Murray et al., 2014). Due to this major drawback, embryo 

selection techniques such as PGT-A, have been developed to select the best available embryo 

to transfer into the uterus.  

Several studies suggest that PGT-A 2.0 performed at the blastocyst stage with whole-genome 

screening seems to be a unique procedure allows to provide an accurate assessment of 

embryo ploidy, while maintaining high implantation potential (evidence 1b) (Capalbo et al., 

2013; Forman et al., 2013; Scott et al., 2013; Fragouli et al., 2014; Minasi and Greco, 2014; 

Minasi et al., 2016; Lee et al., 2015; Brezina et al., 2016; Ubaldi et al., 2017). Four RCTs and 

seven cohort studies included in a meta-analysis analyzing reproductive outcomes showed that 

compared to morphological criteria, euploid embryos identified by comprehensive 

chromosome screening (CCS)-based PGT-A 2.0 were more likely to be successfully implanted 

(RCT RR 1.32, 95% CI 1.18–1.47; cohort study RR 1.74, 95% CI 1.35–2.24). CCS-based PGT-A 2.0 

was also related to an increased clinical pregnancy rate (RCT RR 1.26, 95% CI 0.83–1.93; cohort 

study RR 1.48, 95% CI 1.20–1.83) and increased ongoing pregnancy rate (RCT RR 1.31, 95% CI 

0.64–2.66; cohort study RR 1.61, 95% CI 1.30–2.00) (Chen et al., 2015:evidence 1a). With 

regard to the impact of maternal age, Harton et al. demonstrated that the elective transfer of 

euploid embryos (eSET) after array CGH (aCGH) confers equal IRs between reproductively 

younger and older patients up to 42 years (Harton et al., 2013: evidence 4). In patients with 

normal ovarian reserve, PGT-A 2.0 increases clinical and sustained IRs and is associated with 

higher ongoing pregnancy rates (Dahdouh et al., 2015: evidence 1a). In those women at high 

risk of producing aneuploid embryos [AMA, repeated implantation failure (RIF), recurrent 

pregnancy loss (RPL)], a lower level of evidence has been found as the data obtained were only 

from observational studies (Dahdouh et al., 2015: evidence 2a; Lee et al., 2015: evidence 2a). 

Some ongoing RCTs are being conducted on different patient populations (e.g., AMA 

[NCT02868528] patients with male factor infertility [NCT02941965] to clarify the role of this 

technology in these populations.  



Among the different protocols analyzed, selecting competent blastocysts for transfer by 

combining time-lapse monitoring and PGT-A 2.0 testing has shown to significantly increase 

clinical pregnancy rates (71.1% vs. 45.9%, respectively, p = 0.037) and ongoing pregnancy rates 

(68.9% vs. 40.5%, p = 0.019) (Yang et al., 2017: evidence 1b) compared to the best 

morphological grade available.  

When analyzing different platforms, next generation sequencing (NGS) is considered the most 

precise technique and reported higher pregnancy rates than the others (Lai et al., 2017: 

evidence 3b). In a post-hoc analysis of the STAR trial, in women 35 years and older a benefit 

with NGS in ongoing pregnancy rate (OPR) has been demonstrated (OPR of 50.8% (62/122) 

PGT-A 2.0 group vs 37.2% (54/145) control group; p<0.0349) (Munné et al., 2017: evidence 

1b) which is consistent with the 2014 Society for Assisted Reproductive Technology (SART) 

data (SART, 2014).  

Finally, aneuploidy screening with PGT-A 2.0 may help assess the probability of having euploid 

oocytes/embryos in future ART cycles (Evidence 2b) (Feichtinger et al., 2015). 

1.3 PGT-A 2.0 decreases miscarriages 

Many aneuploid human embryos survive preimplantation development (Ambartsumyan and 

Clark, 2008) and, therefore, the judicious use of embryo screening can minimize the incidence 

of miscarriages related to chromosomal abnormalities (Harton et al., 2013; Minasi et al., 2017: 

evidence 4). A meta-analysis of the outcomes showed that compared to morphological 

criteria, euploid embryos identified by PGT-A 2.0 decreased miscarriage rates in both RCT (RR 

0.53, 95% CI 0.24-1.15) and cohort study-based data (RR 0.31, 95% CI 0.21-0.46) (Chen et al., 

2015: evidence 2b). However, this finding has not been confirmed in women aged 35-40 

(Munné et al., 2017: evidence 1b) 

1.4 PGS 2.0 increases the chance for a healthy, term, singleton delivery 



With PGT-A 2.0, a single euploid blastocyst with high reproductive potential can be selected for 

transfer. This paradigm increases the chance for a healthy, term, singleton delivery per embryo 

transfer procedure without requiring patients to undergo an increased number of failed 

embryo transfers (ETs) (Chen et al., 2015: evidence 1a). Particularly, in patients ≤ 42 years 

with normal ovarian reserve, PGT-A 2.0 resulted in improved obstetrical outcomes evidenced 

by higher birthweights, lower rates of preterm delivery, lower rates of neonatal intensive care 

(NICU) admission, and shorter NICU stays if admission were required (Forman et al., 2014: 

evidence 1b). 

Retrospective data also suggest that for patients >37 years, PGT-A 2.0 improved live birth rates 

for single (aORs, 3.86 [95% CI, 1.25–11.9]; 8.2 [95% CI, 2.28–29.5]) and double ETs (aORs, 9.91 

[95% CI, 2.0–49.6]; 8.67 [95% CI, 2.08–36.2]), but no difference was observed among patients 

<37 years (Kang et al., 2015: evidence 3b). Furthermore, PGT-A 2.0 is not associated with 

adverse effects on neurological, cognitive and behavioral development, blood pressure, and 

anthropometrics of 4 year-old (Seggers et al., 2013: evidence 1b) and 9-year-old offspring 

(Kuiper et al., 2018: evidence 1b).  

2. WEAKNESS 

2.1 Invasiveness and complexity of the technique  

An important disadvantage of PGT-A 2.0 is that it requires biopsy of the preimplantation 

human embryo, which can limit its clinical applicability due to the invasiveness and complexity 

of the process (Cimadomo et al., 2016: evidence 1a). To date no sufficiently statistically 

powered study has clarified the impact of this procedure on embryo reproductive 

competence, although in young (≤ 35 years) infertile patients, the effectivity of PGT-A has 

been suggested to be limited by the effectivity of TE biopsy (Ozgur et al., 2019; evidence 1b). 

High standards are required for blastocyst culture and cryopreservation, which is an important 



limiting factor for the widespread implementation of this strategy (Dahdouh et al., 2015: 

evidence 1a). 

2.2 Non-standardized technique and possibility of errors 

One of the biggest limitations found when assessing the effectiveness of PGT-A 2.0 is that it is 

not a standardized technique which can use different genetic platforms (single nucleotide 

polymorphism (SNP) microarray, metaphase comparative genomic hybridization (mCGH), array 

comparative genomic hybridization (aCGH), quantitative polymerase chain reaction (qPCR), 

and NGS) (Goodrich et al., 2017: evidence 1b; Yang et al., 2015: evidence 3b; Maxwell et al., 

2016: evidence 3b). Prerequisites for the successful application of PGT-A 2.0 in today's practice 

should, at least, include experience in extended embryo culture and biopsy and validated and 

tested CCS platforms (Dahdouh et al., 2015: evidence 1a). Current laboratory techniques seek 

to minimize errors as much as possible by utilizing the most sophisticated technology coupled 

with dozens of systemic quality controls (Cimadono et al., 2016: evidence 2a). However, the 

possibility for error when using PGT-A 2.0 still exists. Examples of technical errors include the 

following: methodologic misdiagnosis, hybridization errors, technological misdiagnosis, DNA 

contamination and human error. Some platforms may be able to limit the impact of some of 

these problems, such as contamination, through allele mapping. Nevertheless, no diagnostic 

platform will ever be able to ensure 100% accuracy. This must be acknowledged and discussed 

with patients during the PGT-A 2.0 counseling process (Brezina et al., 2016).  

2.3 Laboratory management reliability and poor consistency between centers 

Precision in handling, manipulation, biopsy and observation of the gametes and 

embryos is critical for reducing adverse outcomes and these commonly discussed 

adverse outcomes are thought to be due to human error. Human and/or laboratory error 

can occur at every step along the way and laboratory staff has the obligation to follow 

stringent quality-control mechanisms throughout the process. Furthermore, euploidy 



rates in donor egg cycles significantly differ between fertility centers (Munne et al., 

2017; evidence 2b) and training not only in laboratory techniques, but also in 

interpretation and delivery of reports and results is crucial (Imudia et al., 2016: 

evidence 1c).  

2.4 Costs of the technique 

Cost has been identified as a significant determinant for the decision on whether or not to use 

PGT-A 2.0 (Gebhart et al., 2016: evidence 5), since its application can suppose about a 50% 

increase with respect to the cost of a conventional IVF cycle. One option to improve PGT-A 2.0 

efficiency in some patients with poor response would be to accumulate and split a larger 

number of embryos, but the cost per cycle would increase without the certainty that the 

healthy embryo comes from the first cycle (Martínez et al., 2016).  

2.5 Risks of long-term culture to the blastocyst stage and the possibility of loss of 

embryos during extended culture 

There are concerns with regard to epigenetic influence of long-term culture to the blastocyst 

stage (Calle et al., 2012). Blastocyst stage culture has been associated with increased risk of 

premature delivery in comparison to embryos transferred on day 2 or 3 (Maheshwari et al., 

2013; Dar et al., 2014: evidence 1a) and the possibility of loss of embryos during extended 

culture. In fact, a previous Cochrane analysis of blastocyst vs. cleavage stage transfer showed 

that the cumulative pregnancy and live birth rates were better for cleavage stage transfer 

(Glujovsky et al., 2016).  



2.6 Loss of embryos 

Higher implantation rates are often used to claim that PGT-A 2.0 increases overall 

success rates after IVF/ ICSI, but this is somehow incorrect as PGT-A 2.0 is also 

associated with less embryos being available for transfer and/or cryopreservation 

(Gleicher and Barad, 2012; Gleicher et al., 2014: evidence 3a). This could be 

particularly relevant for young women with premature ovarian aging or older 

women with age-associated diminished ovarian reserve (DOR) (Gleicher y Barad, 

2012: evidence 3a). The proportion of embryos that are discharged likely varies 

among clinical settings, but it has been estimated to be rather relevant (Paulson 

2017: evidence 5). For these reasons, individual programs may need to examine 

their own embryo implantation rates with and without PGT-A 2.0, calculate their 

embryo loss rate, and take particular care in drafting and explaining informed 

consent.  

2.7 Undiagnosed embryos  

There is a small percentage of situations that PGT-A 2.0 is not able to detect (Tiegs et al., 2016: 

evidence 4). Cases involving a parent with a balanced translocation provide a unique 

opportunity to characterize the capabilities and limitations of detecting segmental imbalances 

with a variety of chromosome screening platforms (Treff et al., 2017: evidence 4). It is 

important for clinicians to be aware of the specific PGT-A 2.0 clinical error rate for their 

respective modality of PGS 2.0 testing in order to best counsel patients when considering this 

costly, yet rewarding, endeavor. 

2.8 Overdiagnosed embryos 

Whole-chromosome aneuploidy screening has become a common practice to improve IVF 

outcomes. As technology has evolved, detection of subchromosomal imbalances and 

embryonic mosaicism has become possible and these serve as potential explanations for 



euploid embryo transfer failures (Treff et al., 2017). False-positive diagnosis or failure to 

determine clinical significance in non-selection studies may result in the discarding of 

reproductively competent embryos and embryos with the ability to self-repair and eliminate 

aneuploid cells. The source of these errors can either be biological or analytical and thus both 

must be characterized (Juneau et al., 2016: evidence 3a).  

2.9 Mosaicisms 

One important limitation of PGT-A 2.0 is the presence of chromosomal mosaicism within the 

developing embryo, a phenomenon in which different chromosomal cell lines reside within a 

single embryo. The obvious concern for PGT-A 2.0 misdiagnosis associated with embryonic 

mosaicism is that the cells biopsied may not reflect the chromosomal status of the resulting 

embryo. Mosaicism is thought to be less common in blastocyst stage embryos than in previous 

stages (Brezina et al., 2015), so current data strongly support obtaining embryo biopsy at this 

point in time (Dahdouh et al., 2015). However, discordance in the ploidy status between the 

inner cell mass and the trophectoderm (TE) is still relatively common (Brezina et al., 2015). 

Embryo re-biopsy studies in mosaic embryos show that the reproducibility of TE biopsy 

demonstrating mosaicism is only 41-58%, and that TE biopsy of five cells may not be 

representative of the degree of mosaicism of the entire embryo. Therefore, there is still a 

chance of misdiagnosis based purely on the biology of the developing embryo with PGT-A 2.0 

at the biopsy. This represents a biological limitation that is not possible to overcome even with 

the best diagnostic techniques (Brezina et al., 2016). 

Nevertheless, validation experiments outlined in a recent retrospective study (Munné et al., 

2017: evidence 2b) demonstrate that high resolution NGS succeed in detecting mosaicism in 

the vast majority of trophectoderm biopsies in which it is present and the frequency of false 

positives and negatives appears to be low. More recently, an overall high diagnostic sensitivity 

(90%) and relatively low specificity (67%) in the context of PGT-A 2.0 has been demonstrated 



with NGS (Popovic et al., 2018) and this suggests that a considerable proportion of embryos 

are potentially being classified as clinically unsuitable. Embryos classified as being mosaic by 

means of NGS miscarry more and implant less, but 40% of them can still result in a viable 

pregnancy (Fragouli et al., 2017: evidence 2b). Considering this fact, current recommendations 

suggest consider for transfer if there are no euploid embryos available and patient is aware of 

and understands all associated risks (PGDIS position statement, 2016; Munné et al., 2017: 

evidence 2b). Among the possible options, the most recent data suggests that the majority of 

embryos with 20%–40% aneuploid cells in their biopsy sample have euploid inner cell mass 

and could be considered for transfer. Blastocysts with 40%–80% abnormal cells and those with 

complex mosaicism should be given the lowest priority for transfer or be excluded (Munné et 

al., 2017: evidence 2b) but will require additional studies to be accurately quantified (Maxwell 

et al., 2016: evidence 3b).  

A scoring system according to the chromosomes involved in the mosaic has been developed to 

help the clinician in the counselling of patients, taking into account the risk of miscarriage or 

having an affected fetus. (Maxwell and Grifo, Best Practice Research Clinical Obstetrics and 

Gynaecology, 2018, in press). However, there are doubts about the real implication of mosaic 

embryos in women under 35 years regarding successful pregnancies (Forman et al., 2019). 

2.10 PGT-A 2.0 does not improve pregnancy rate per cycle 

PGT-A 2.0 for the diagnosis of aneuploidies are associated with inconsistent results in 

terms of improving pregnancy rates (Dahdouh et al., 2015; evidence 1a; Okun et al., 

2014: evidence 1c.; Garrido- Gimenez et al., 2015: evidence 2a; Barash 2016: 

evidence 2a; Kushnir et al., 2016: evidence 2a). It is essential to assess pregnancy 

rates by “intent to treat” and some authors point out that this rates should be calculated 

with denominator cycle start rather than embryo transfer (Gleicher et al. 2014: 

evidence 3a). A retrospective cohort study analyzing this matter found that IVF-PGT-A 



in women aged >37 improved live birth rates. However, per cycle, the PGT-A 2.0 

advantage in this age group did not persist (Kushnir et al., 2016; Kang et al., 2016: 

evidence 3a). 

2.11 Lack of evidence of the benefit of PGT-A 2.0 in certain situations or 

populations (Recurrent pregnancy loss (RPL), recurrent implantation failure 

(RIF) and male factor, women of AMA >40, and low response) 

Studies relating to patients of AMA, RPL and RIF are restricted to matched cohort 

studies, limiting the ability to draw meaningful conclusions (Lee et al., 2015: evidence 

2a) and the current evidence examining the use of IVF with PGT-A 2.0 in patients with 

RPL reveal variable results, probably due to differences in technologies used and 

variable patient populations (Shahine et al., 2014: evidence 2a).  

2.12 Lack of well-designed randomized studies and long –term data 

The lack of large well-designed RCTs is one important limitation of PGT-A 2.0. Only 

three RCTs have been published, all of which have been criticized because of poor 

study design. The pilot RCT by Yang et al. included a small sample size of 45 young, 

good prognosis patients. Scott et al. performed a RCT on 72 good prognosis patients, 

who were between the ages of 21-42 years and who were randomized quite late, i.e. if 

they had at least two blastocysts available for analysis. Although the authors claimed 

that PGT-A increased implantation and delivery rates, there was a fundamental 

methodological flaw in the study’s failure to account for the difference between the unit 

of randomization (patients) and unit of analysis (individual embryos). The third RCT 

studied 89 patients aiming to compare PGT-A and SET with the transfer of two 

embryos without genetic diagnosis (Forman et al., 2013). The same methodological 

problem encountered by the Scott trial was introduced and even so, the wide confidence 

interval for pregnancy did not demonstrate a beneficial effect (Chen et al., 2015: 



evidence 1a). Intention-to-treat studies of deferred ET with and without PGT-A 2.0 and 

eventually of all transferred embryos will be required to fully assess the impact of 

contemporary PGT-A 2.0 (Meldrum et al., 2016: evidence 5), and further studies 

evaluating long-term pediatric outcomes and the overall cost-efficacy of this approach 

are necessary (Forman et al., 2014). 

3. OPPORTUNITIES 

3.1 Increasing parental age 

The age at which a pregnancy is sought is progressively increased in western countries, 

as evidenced by the increasing average age of the mothers in the first pregnancy. 

Aneuploidy is associated with maternal and paternal age and is only subtly related to the 

morphologic appearance of the embryo (Franasiak et al., 2014: evidence 4). Also, the 

fact that IR of euploid embryos are the same at any maternal age up to 42 years has been 

described (Harton et al., 2013: evidence 4). Given the aging of women, PGT-A 2.0 

would be a method that would increase the odds and shorten the time to pregnancy in 

women with "euploid" embryos biopsy to transfer. 

 

3.2 Fewer abnormal frozen embryos  

Frozen blastocysts can be warmed and biopsied for PGT-A 2.0 aneuploidy screening. The 

benefit of frozen embryo transfer (FET) cycles is its ability to increase the number of biopsied 

embryos for patients utilizing PGT-A 2.0 (Coates et al., 2017; evidence 1a) and streamlines the 

clinical processes by scheduling single embryo transfer in subsequent cycles until a patient 

achieves a pregnancy or exhausts available euploid embryos (Huang et al. 2015; evidence 4). 

This avoids the cryopreservation of abnormal embryos with probably lower possibility of 

achieving a healthy baby (Rodríguez-Purata et al., 2016; evidence 4), thereby reducing the 

logistical problems of storage as well as the ethical dilemmas associated with their disposal. 



Such procedures may particularly benefit poor responders (Goldman et al., 2015: evidence 

2a), patients who have had previous implantation failures, patients who did not have embryo 

screening before cryopreservation due to lack of embryo screening technology or to other 

reasons (Liu et al., 2016: evidence 1c; Chamayou, 2017: evidence 2a). 

3.3 Endometrial synchrony 

A freeze-all strategy that plans to utilize subsequent FET cycle(s) offers the opportunity 

to control the window of implantation and possibly improve embryo implantation. A 

strategy of close monitoring and synchronization of the window of implantation that is 

based on frozen embryo transfer (FET) combined and strengthened with PGT-A 2.0-

based embryo selection gives the opportunity to optimize reproductive potential 

(Rodríguez-Purata et al. 2016: evidence 4). 

3.4 PGT-A 2.0 reduces the multiple pregnancy rates  

Elective single thawed euploid embryo transfer (SET) coupled with enhanced embryo selection 

using PGT-A 2.0 reduced the multiple pregnancy rates, while maintaining the cumulative 

success rate of the IVF program (Schoolcraft et al., 2013; Scott et al., 2013; Forman et al., 

2013; Yang et al., 2012; evidence 1b; Haddad et al., 2015: evidence 3b).  

Owing to the increased maternal morbidity and perinatal complications related to multiple 

pregnancies, some authors recommended to extend the uses of PGT-A 2.0. 

PGT-A 2.0 might allow a reduction in the number of embryos transferred and the number of 

transfers to be performed without affecting the total efficacy of the treatment, but reducing 

the risk of multiple pregnancy and the subsequent complications (Chen et al., 2015; evidence 

1a), particularly in the AMA population (Ubaldi et al., 2015; evidence 2b). However, Kissin et 

al. (2015) showed that triplets and twinning are not very common among older patients, even 

in the presence of transfer of 3 or 4 embryos. So, multiple embryo transfers may be acceptable 

in some cases and possibly a way to reduce the false positive result of "no euploid embryos” in 



cases of mosaic embryos with low aneuploidy percentage and with chances of generating 

healthy live births. 

3.5 Less time to pregnancy and live birth and less dropouts 

New data support that PGT-A 2.0 significantly decreased time to live birth by an 

average of three months in patients with diminished ovarian reserve (Franasiak 

et al., 2017; evidence 1b). As a result, the number of dropouts is reduced and the 

psychological burden decreases. Time to pregnancy is critical for AMA patients and 

its reduction through proper embryo selection is highly desirable. Also, further 

expanded use of PGT-A 2.0 into the domain of gestational surrogacy seems likely 

(Sills et al. 2016: evidence 5). 

3.6 Decreased psychological burden, drop outs and opens the possibility of a 

shared decision 

Reductions in miscarriage and futile transfers markedly reduce stress, which may reduce 

drop out from further treatment and promote successful outcomes. For patients seeking 

to conceive, understanding the etiology of reproductive loss can in the same manner be 

beneficial to their mental health and can assuage feelings of guilt or irresponsibility 

(Kong et al. 2016), and on the other hand it opens the possibility of reaching a shared 

medical decision (Su et al. 2016: evidence 1c) in which providing adequate patient 

information is important (Tiegs et al. 2016: evidence 4). 

3.7 A reduction in the final costs of achieving a live birth (less transfer) and less 

social costs (reduction in multiple pregnancies) 

With PGT-A 2.0, a single euploid blastocyst with high reproductive potential can be selected for 

transfer. By being able to better select the embryo to be transferred, the number of failed 

attempts (Forman et al., 2014; evidence 1b.) and required transfers (Coates et al., 2017; 

evidence 1c) is reduced. This paradigm increases the chance for a healthy, term, singleton, 



delivery, which has been demonstrated to be cost-effective per live birth in women >37 years 

(Collins et al. 2017: evidence 1c) and per embryo (Sills et al., 2014; evidence 4). Two papers 

have been recently published estimating the cost-effectiveness of PGT-A in comparison with 

conventional IVF without PGT-A, and assuming a 100% of frozen embryo tranfers (ETs) after 

PGT-A, and 30% or 100% of a first fresh ET, respectively, in the non-PGT-A arm. In the first 

study (Neal et al., 2018), for patients up to 42 years with > 1 embryo, IVF with PGT-A was 

already cost-effective by reducing total healthcare costs. In the second study (Somigliana et 

al., 2019), cost-effectiveness profile of PGT-A improved with female age and number of 

available blastocysts, but even in a scenario of cost reduction for the ET, the threshold ages 

favoring the PGT-A strategy were 42, 40, 39, and 38 years of age for one, two, three, and four 

blastocysts, respectively. So, these two studies show an economic advantage of PGT-A in 

women with advanced age even with a few number of blastocysts to screen and considering 

the additional need of delayed frozen ETs. Nevertheless, a recent opinion paper questions 

the conclusions of the Somigliana’s study since a cost effectiveness analysis based on 

mathematical models relies on the underlying assumptions, and they are far from agreed 

upon in the field, not clarifying the question of efficiency and cost-effectiveness of PGT-A 

(Paulson, 2019).  

3.8 Future reduction of PGT-A costs 

The appearance of new technologies, such as NGS, could help to significantly reduce PGT-A 

costs while retaining a high level of detection accuracy as compared with the existing 

techniques. These are essential for PGT-A 2.0 to be widely adopted (Chen et al. 2015: evidence 

1a; Huang et al. 2016: evidence 4) and represent a cost-effective strategy for the routine 

detection of aneuploidy in human embryos (Vendrell et al. 2017). 

3.9 Differentiating between paternal and maternal aneuploidy origins 



The possibility of differentiating between aneuploidies of paternal or maternal origin, would 

help to establish the indication of the gamete to be substituted when it was necessary to 

resort to a treatment with donation of one or both gametes. In addition, this technique could 

allow the obtaining of additional information with regard to the health of the embryo (Sills et 

al. 2016: evidence 4). 

4. THREATS 

4.1 Ethics and eugenics 

With the generalized use of PGT-A 2.0, one possible threat that must be considered is 

that the results are not always interpretable and the risk of eugenics may arise as well as 

some ethical considerations with regard to embryo selection and transfer and the 

disposal of abnormal embryos or embryos not transferred (Bolton et al., 2015; 

evidence 1c; Hens et al. 2013: evidence 5). Conflicts on embryo selection may also 

arise between the couple and the doctor, it is therefore imperative for healthcare 

providers and patients using IVF and PGT-A 2.0 to collaboratively make informed 

decisions (Gebhart et al. 2016; evidence 5). 

4.2 Different legal issues of each country 

Some of the threats derived from the new PGT-A 2.0 technology, where there is continuously 

more information with access to more complete tests, are the different legal landscapes of 

each country, different levels of access in different populations, and the complexities that 

come with making both clinical and ethical decisions (Harper 2014: evidence 5). In fact, 

nowadays there are countries in which mosaic embryos are transferred, while in others they 

are not (McCoy RC 2017). In the United States and many other countries, reproductive 

decisions taken regarding PGT-A 2.0 are ultimately left to patients and their physicians, but 

there are some countries where strict legislation and restrictions on PGT-A and IVF limit access 

to these treatments, which may contribute to the phenomenon of reproductive tourism 



(Imudia et al. 2016; evidence 1c). The European Society of Human Genetics and European 

Society of Human Reproduction and Embryology 2013 (ESHRE 2013) has published a document 

comparing the different working methods in Europe and the legal limitations between 

countries that can be useful. 

4.3 Emergence of studies on the adverse effects PGT-A 2.0 for live birth (biopsy, 

freezing, culture medium, laser ...) 

Because PGT-A 2.0 is a relatively new and emerging technology, deleterious effects of embryo 

biopsy, vitrification, or manipulation may not be evident until the children are born or become 

older. The most recent data suggest that PGT-A 2.0 in cleavage stage embryos are not 

associated with serious adverse effects on neurological, cognitive and behavioral 

development, blood pressure and anthropometrics of offspring at 4 (Seggers et al. 2013; 

evidence 1b) and 9 years (Kuiper et al., 2018; evidence 1b). Other studies suggest that 

vitrification can be associated with an increased incidence of pregnancy hypertension (Jing et 

al. 2015; evidence 3b) and extended blastocyst cultures could induce epigenetic changes 

(Calle et al., 2012; Evidence 3b) and premature death (Dar et al., 2014; Evidence 3b). These 

findings underline the importance of long-term follow-up of the health and development of 

children born to couples after PGT-A 2.0.  

4.4 Development of a non-invasive and less damaging genetic diagnosis method 

The invasive nature of PGT-A 2.0 includes a series of limitations that can be resolved 

with the development of a non-invasive (Cimadomo et al., 2016) and personalized 

(Takyi et al., 2017) methods. For instance, a combined evaluation of morphology and 

developmental kinetics using time-lapse imaging (Montag et al. 2013; evidence 2a), 

the development of an aneuploidy risk model derived from time-lapse imaging without 

PGT-A 2.0 (Campbell et al. 2013; evidence 1c), and non-invasive 

genetic/proteomic/metabolomic screening of spent IVF culture medium (Feichtinger et 



al., 2017; evidence 4; Xu et al. 2016; evidence 4) have all been proposed as promising 

tools. A combination of all these advances may in the future allow fertility specialists to 

predict which embryo will have the highest probability of implantation or even predict 

with absolute accuracy whether or not an embryo is implanted (Sermon et al., 2016: 

evidence 5). 

  

4.5 Indiscriminate application of the technique and errors 

PGT-A 2.0 is unable to study every chromosome completely, and it therefore cannot 

guarantee a healthy baby. This may impede some patients from opting for this 

technique, especially those with implantation failure (Yang et al. 2015: evidence 4). 

The main mistake with PGT-A 1.0 was an indiscriminate use before demonstrating its 

risks, so it is very important that we avoid this situation with the PGT-A 2.0. The risk of 

the indiscriminate application of PGT-A 2.0 exists in certain situations, such as in 

oocyte donation cycles without a demonstrated benefit in terms of live births (Sills et 

al., 2016: evidence 4) or in other cases where fertility clinics offer PGT-A 2.0 for non-

medical purposes. Before PGT-A 2.0 is performed, thorough education and counseling 

must be provided by a genetic specialist to ensure that patients fully understand the 

limitations of the technique, the risk of error, and the ongoing debate on whether PGT-

A is necessary to improve live birth rates (Dadouh et al. 2015; Evidence 3a). 

Finally, a prospective, web-based questionnaire directed to users and non-users of PGT-A 2.0 

that included a total of 386 IVF units from 70 countries reports that most respondents (84%) 

believe that more RCTs are needed to support the extensive use of PGT-A 2.0 (Weissman et 

al., 2017; evidence 4) 



CONCLUSIONS  

In theory, discriminating between an euploid and an aneuploid embryo before proceeding to 

its transfer, is undoubtedly a positive fact that helps to optimize the result of the IVF cycle. This 

way, the transfer of embryos with a practically zero probability of implantation, which would 

result in a gestational loss or in the worst case an evolutionary gestation of a chromosomally 

abnormal embryo, is avoided. 

However, despite the development of advances in the technique in recent years, there are still 

a number of limitations that make the indication for PGT-A 2.0 controversial, such as the 

obligation to perform an embryo biopsy, in where 4-5 cells of the trophectoderm are 

extracted. This implies an invasive manipulation of the embryo; whose consequences cannot 

be determined or ruled out, and can be highly dependent on the ability of the embryologist 

who performs it. Secondly, the need to vitrify and later de-vitrify the embryo for its transfer 

introduces a 2 to 10% variable risk for embryo death; with the loss of a viable embryo as a 

consequence, which in some cases may be the only one available. In addition to these 

drawbacks, the possibility of diagnostic errors must be added to the still high cost of the 

procedure (Figure 1). 

In conclusion, evidence shown dictates that PGT-A 2.0 should not have an 

indiscriminate application at present, but it could be useful in cases in which the risk of 

aneuploidy is increased, as may be in patients of AMA >37, or in patients with a history 

of implantation failure or RPL without any other identified cause. However, in this 

group it would only be useful if the numbers of oocytes produced were enough to allow 

selection through PGT-A. In order to reach a recommendation for a broader indication, 

it is necessary to optimize the technique and carry out cost-benefit studies that 

objectively determine the situations in which it is justified. 



REFERENCES 

1. Ambartsumyan, G., Clark, A.T., 2008. Aneuploidy and early human embryo development. 

Hum Mol Genet. 17(R1):R10-15.  

2. Barash, O.O., Ivani, K.A., Hinckley, M.D., 2016. Impact of embryo morphology on clinical 

pregnancy rates in IVF PGT-A cycles with single embryo transfer. Fertil Steril 107:e18 - 

e19. 

3. Barrow, P., 2016. Revision of the ICH guideline on detection of toxicity to 

reproduction for medicinal products: SWOT analysis. Reprod Toxicol.;64:57-63.  

4. Blockeel, C., Drakopoulos, P., Santos-Ribeiro, S., Polyzos, N.P., Tournaye, H., 

2016. A fresh look at the freeze-all protocol: a SWOT analysis. Hum Reprod. 

31(3):491-7. 

5. Bolton, V.N., Leary, C., Harbottle, S., Cutting, R., Harper, J.C., 2015. How should we 

choose the 'best' embryo? A commentary on behalf of the British Fertility Society and 

the Association of Clinical Embryologists. Hum Fertil (Camb). 18(3):156-164.  

6. Brezina, P.R., Kutteh, W.H., 2015. Clinical applications of preimplantation genetic testing. 

BMJ 350:g7611.  

7. Brezina, P.R., Anchan, R., Kearns, W.G., 2016. Preimplantation genetic testing for 

aneuploidy: what technology should you use and what are the differences? J Assist. 

Reprod. Genet. 33, 823-832. 

8. Brezina, P.R., Kutteh, W.H., Bailey, A.P., Ke, R.W., 2016. Preimplantation genetic 

screening (PGS) is an excellent tool, but not perfect: a guide to counseling patients 

considering PGS. Fertility and sterility ., 105:49-50. 



9. Calle, A., Fernandez-Gonzalez, R., Ramos-Ibeas, P., Laguna-Barraza, R., Perez-Cerezales, 

S., Bermejo-Alvarez, P., Ramirez, M.A., Gutierrez-Adan, A., 2012. Long-term and 

transgenerational effects of in vitro culture on mouse embryos. Theriogenology. 77:785-

793.  

10. Campbell, A., Fishel, S., Bowman, N., Duffy, S., Sedler, M., Thornton, S., 2013. 

Retrospective analysis of outcomes after IVF using an aneuploidy risk model derived 

from time-lapse imaging without PGS. Reprod Biomed Online. 27(2):140-146.  

11. Capalbo, A., Bono, S., Spizzichino, L., Biricik, A., Baldi, M., Colamaria, S., Ubaldi, F.M., 

Rienzi, L., Fiorentino, F., 2013. Sequential comprehensive chromosome analysis on polar 

bodies, blastomeres and trophoblast: insights into female meiotic errors and 

chromosomal segregation in the preimplantation window of embryo development. Hum. 

Reprod. 28, 509–518.  

12. Capalbo, A., Treff, N.R., Cimadomo, D., Tao, X., Upham, K., Ubaldi, F.M., Rienzi, L., Scott, 

R.T. Jr., 2015. Comparison of array comparative genomic hybridization and quantitative 

real-time PCR-based aneuploidy screening of blastocyst biopsies. Eur J Hum Genet., 

23:901–906. 

13. Chamayou, S., Sicali, M., Alecci, C., Ragolia C., Liprino, A., Nibali, D., Storaci, G., Cardea, A., 

Guglielmino, A., 2017. The accumulation of vitrified oocytes is a strategy to increase the 

number of euploid available blastocysts for transfer after preimplantation genetic 

testing. J Assist Reprod Genet., 34:479-486.  

14. Chen, M., Wei, S., Hu, J., Quan, S., 2015. Can Comprehensive Chromosome Screening 

Technology Improve IVF/ICSI Outcomes? A Meta-Analysis. PLoS One. 10, e0140779.  



15. Cimadomo, D., Capalbo, A., Ubaldi, F.M., Scarica, C., Palagiano, A., Canipari, R., Rienzi, L., 

2016. The impact of biopsy on human embryo developmental potential during PGD. 

Biomed Res Int. : 7193075. 

16. Cimadomo, D., Ubaldi, F.M., Capalbo, A., Maggiulli, R., Scarica, C., Romano, S., Poggiana, 

C., Zuccarello, D, Giancani, A., Vaiarelli, A., Rienzi, L. 2016. Failure mode and effects 

analysis of witnessing protocols for ensuring traceability during PGD/PGS cycles. Reprod 

Biomed Online., 33:360-369.  

17. Coates, A., Bankowski, B.J., Kung, A., Griffin, D.K., Munne, S., 2017. Differences in 

pregnancy outcomes in donor egg frozen embryo transfer (FET) cycles following 

preimplantation genetic screening (PGS): a single center retrospective study. J Assist 

Reprod Genet. 34(1):71-78. 

18. Collins, S.C., Xu, X., Mak, W., 2017. Cost-effectiveness of preimplantation genetic 

screening for women older than 37 undergoing in vitro fertilization. J Assist Reprod 

Genet. 34:1515-1522.  

19. Dahdouh, E.M., Balayla, J., Audibert, F., Committee Genetics, Wilson R.D., Audibert, F., 

2015. Technical update: preimplantation genetic diagnosis and screening. J Obstet 

Gynaecol Can., 37:451–63. 

20. Dahdouh, E.M., Balayla, J., Garcia-Velasco, J.A., 2015. Impact of blastocyst biopsy and 

comprehensive chromosome screening technology on preimplantation genetic 

screening: a systematic review of randomized controlled trials. Reprod Biomed Online., 

30:281–289. 

21. Dahdouh, E.M., Balayla, J., García-Velasco, J.A., 2015. Comprehensive chromosome 

screening improves embryo selection: a meta-analysis. Fertil Steril. 104, 1503-1512. 



22. Dar, S., Lazer, T., Shah, P.S., Librach, C.L., 2014. Neonatal outcomes among singleton 

births after blastocyst versus cleavage stage embryo transfer: a systematic review and 

meta-analysis. Hum Reprod Update., 20:439–448. 

23. Engmann, L., Benadiva, C., Humaidan, P., 2016. GnRH agonist trigger for the induction of 

oocyte maturation in GnRH antagonist IVF cycles: a SWOT analysis. Reprod Biomed 

Online., 32(3):274-85.  

24. Esteves, S.C., Agarwal, A., Cho, C.L., Majzoub, A., 2017. A Strengths-

Weaknesses-Opportunities-Threats (SWOT) analysis on the clinical utility of 

sperm DNA fragmentation testing in specific male infertility scenarios. Transl 

Androl Urol., 6(Suppl 4):S734-S760. 

25. Feichtinger M, Stopp T, Göbl C, Feichtinger E, Vaccari E, Mädel U, Laccone F, Stroh-

Weigert M, Hengstschläger M, Feichtinger, W., Neesen, J., 2015. Increasing live birth rate 

by preimplantation genetic screening of pooled polar bodies using array comparative 

genomic hybridization. PLoS One 10:e0128317. 

26. Feichtinger, M., Vaccari, E., Carli, Li, Wallner, E., Mädel, U., Figl, K., Palini, S., Feichtinger, 

W., 2017. Non-invasive preimplantation genetic screening using array comparative 

genomic hybridization on spent culture media: a proof-of-concept pilot study. Reprod 

Biomed Online. 34:583-589. 

27. Forman, E. J., 2019. Demystifying “mosaic” outcomes. Fertil Steril.,111:28093 

28. Forman, E.J., Hong, K.H., Ferry, K.M., Tao, X., Taylor, D., Levy, B., Treff, N.R., Scott, R.T. 

Jr., 2013. In vitro fertilization with single euploid blastocyst transfer: a randomized 

controlled trial. Fertil Steril. 100,100-107.e1.  

29. Forman, E.J., Hong, K.H., Franasiak, J.M., Scott, R.T. Jr., 2014. Obstetrical and neonatal 

outcomes from the BEST Trial: single embryo transfer with aneuploidy screening 



improves outcomes after in vitro fertilization without compromising delivery rates. Am J 

Obstet Gynecol., 210(2):157.e1-6. 

30. Fragouli, E., Alfarawati, S., Spath, K., Tarozzi, N., Borini, A., Wells, D., 2017. Analysis of 

implantation and ongoing pregnancy rates following the transfer of mosaic diploid-

aneuploid blastocysts. Hum Genet., 136:805 

31. Fragouli, E., Alfarawati, S., Spath, K., Wells D., 2014. Morphological and cytogenetic 

assessment of cleavage and blastocyst stage embryos. Mol. Hum. Reprod., 20:117–126. 

32. Fragouli, E., Wells, D., 2013. Questions about the accuracy of polar body analysis for 

preimplantation genetic screening. Hum Reprod. 28:1731-1732. 

33. Franasiak, J.M., Hong, K.H., Werner, M.D., Juneau, C.R., Morin, S.J., Neal, S.A., 2017. 

Preimplantation genetic screening (PGS) in low responders shortens time to pregnancy: 

a randomized controlled trial. Fertility and Sterility;108: e60 - e61. 

34. Franasiak, J.M., Forman, E.J., Hong, K.H., Werner, M.D., Upham, K.M., Treff, N.R., Scott, 

R.T. Jr., 2014. The nature of aneuploidy with increasing age of the female partner: a 

review of 15,169 consecutive trophectoderm biopsies evaluated with comprehensive 

chromosomal screening. Fertil Steril., 101(3):656-663.e1.  

35. Garrido-Gimenez, C., Alijotas-Reig, J., 2015. Recurrent miscarriage: causes, evaluation 

and management. Postgrad Med J., 91(1073):151-162.  

36. Gebhart, M.B., Hines, R.S., Penman, A., Holland, A.C., 2016. How do patient perceived 

determinants influence the decision-making process to accept or decline 

preimplantation genetic screening? Fertil Steril., 105(1):188-193. 

37. Geraedts, J., Sermon, K., 2016. Preimplantation genetic screening 2.0: the theory. Mol 

Hum Reprod. 22, 839-844.  



38. Gleicher, N., Barad, D.H., 2012. A review of, and commentary on the ongoing second 

clinical introduction of preimplantation genetic screening (PGS) to routine IVF practice. J 

Assist Reprod Genet., 29:1159–1166. 

39. Gleicher, N., Kushnir, V., Barad, D.H., 2016. The impact of patient preselection on 

reported IVF outcomes. J Assist Reprod Genet. 33:455–459. 

40. Gleicher, N., Kushnir, V.A., Barad, D.H., 2014. Preimplantation genetic screening (PGS) 

still in search of a clinical application: a systematic review. Reprod Biol Endocrinol, 12:22. 

41. Gleicher, N., Orvieto, R., 2017. Is the hypothesis of preimplantation genetic screening 

(PGS) still supportable? A review. J Ovarian Res., 10: 21. 

42. Glujovsky D, Farquhar C, Quinteiro Retamar AM, Alvarez Sedo CR, Blake D. Cleavage 

stage versus blastocyst stage embryo transfer in assisted reproductive technology. 

Cochrane Database Syst Rev. 2016;(6):CD002118.  

43. Goldman, R.H., Racowsky, C., Farland, L.V., Munné, S., Ribustello, L., Fox JH., 2017. 

Predicting the likelihood of live birth for elective oocyte cryopreservation: a counseling 

tool for physicians and patients. Hum Reprod. 32:853-859. 

44. Goodrich, D., Xing, T., Tao, X., Lonczak, A., Zhan, Y., Landis, J., Zimmerman, R., Scott, 

R.T.Jr, Treff N.R. , 2017. Evaluation of comprehensive chromosome screening platforms 

for the detection of mosaic segmental aneuploidy. J Assist Reprod Genet., 34(8):975-981.  

45. Haddad, G., Deng, M., Wang, C.T., Witz, C., Williams, D., Griffith, J., Skorupski, J., Gill, J., 

Wang, W.H., 2015. Assessment of aneuploidy formation in human blastocysts resulting 

from donated eggs and the necessity of the embryos for aneuploidy screening.J Assist 

Reprod Genet. 32:999-1006.  



46. Harper, J., Geraedts, J., Borry, P., 2014. Current issues in medically assisted reproduction 

and genetics in Europe: research, clinical practice, ethics, legal issues and policy. Hum 

Reprod. 29(8):1603-1609.  

47. Harton, G.L., Munne, S., Surrey, M., Grifo, J., Kaplan, B., McCulloh, D.H., Griffin, D.K., 

Wells, D.; PGD Practitioners Group., 2013. Diminished effect of maternal age on 

implantation after preimplantation genetic diagnosis with array comparative genomic 

hybridization. Fertil Steril 100:1695–703. 

48. Hens, K., Dondorp, W., Handyside, A.H., Harper, J., Newson, A.J., Pennings, G., Rehmann-

Sutter, C., de Wert, G., 2013. Dynamics and ethics of comprehensive preimplantation 

genetic testing: a review of the challenges. Hum Reprod Update. 19:366-375.  

49. Huang, J., Yan, L., Lu, S., 2016. Validation of a next-generation sequencing-based 

protocol for 24-chromosome aneuploidy screening of blastocysts. Fertil Steril. 105: 

1532–1536. 

50. Huang, J., Li, R., Lian, Y., Chen, L., Shi, X., Qiao, J., Liu, P. , 2015. Vitrified/warmed single 

blastocyst transfer in preimplantation genetic diagnosis/preimplantationgenetic 

screening cycles. Int J Clin Exp Med. 8:21605-21610.  

51. Imudia, A.N., Plosker, S., 2016. The Past, Present, and Future of Preimplantation Genetic 

Testing. Clin Lab Med., 36(2):385-399.  

52. Jing, S., Luo, K., He, H., Lu, C., Zhang, S., Tan, Y., Gong, F., Lu, G., Lin, G. , 2016. Obstetric 

and neonatal outcomes in blastocyst-stage biopsy with frozen embryo transfer and 

cleavage-stage biopsy with fresh embryo transfer after preimplantation genetic 

diagnosis/screening. Fertil Steril., 106:105-112.e4.  



53. Juneau, C., Franasiak, J., Treff, N., 2016. Challenges facing contemporary preimplantation 

genetic screening. Curr Opin Obstet Gynecol. 28(3):151-157.  

54. Kane, S.C., Willats, E., Bezerra Maia, E., Holanda S., Hyett, J., da Silva Costa, F, 2016. Pre-

Implantation Genetic Screening Techniques: Implications for Clinical Prenatal Diagnosis. 

Fetal Diagn Ther. 2016; 40(4):241-254.  

55. Kang, H.J., Melnick, A.P., Stewart, J., Xu, K., Rosenwaks, Z., 2016. Preimplantation genetic 

screening: who benefits? Fertil Steril. 106(3):597-602.  

56. Kissin, D.M., Kulkarni, A.D., Mneimneh, A., Warner, L., Boulet, S.L., Crawford, S., 

Jamieson, D.J.; National ART Surveillance System (NASS) group, 2015. Embryo 

transfer practices and multiple births resulting from assisted reproductive 

technology: an opportunity for prevention. Fertil Steril.;103(4):954-61. 

57. Kong, G.W., Chung, T.K., Lok, I.H., 2014. The impact of supportive counselling on 

women’s psychological wellbeing after miscarriage—a randomised controlled trial. 

BJOG., 121:1253–62. 

58. Kuiper, D., Bennema, A., la Bastide-van Gemert, S., Seggers, J., Schendelaar, P., 

Mastenbroek, S., Hoek, A., Heineman, M.J., Roseboom, T.J., Kok, J.H., Hadders-Algra, M., 

2018. Developmental outcome of 9-year-old children born after PGS: follow-up of a 

randomized trial. Hum Reprod. , 33:147-155. 

59. Kushnir, V..A, Darmon, S.K., Barad, D.H., Gleicher N., 2018. Degree of mosaicism in 

trophectoderm does not predict pregnancy potential: a corrected analysis of pregnancy 

outcomes following transfer of mosaic embryos. Reprod Biol Endocrinol., 16(1):6. 

60. Kushnir, V.A., Darmon, S.K., Albertini, D.F., Barad, D.H, Gleicher, N., 2016. Effectiveness 

of in vitro fertilization with preimplantation genetic screening: a reanalysis of United 

States assisted reproductive technology data 2011-2012. Fertil Steril., 106(1):75-79.  



61. Lai, H.H., Chuang, T.H., Wong, L.K., Lee, M.J., Hsieh, C.L., Wang, H.L., Chen, S.U., 2017. 

Identification of mosaic and segmental aneuploidies by next-generation sequencing in 

preimplantation genetic screening can improve clinical outcomes compared to array-

comparative genomic hybridization. Mol Cytogenet., 10:14. 

62. Lee, E., Illingworth, P., Wilton, L., Chambers GM., 2015. The clinical effectiveness of 

preimplantation genetic diagnosis for aneuploidy in all 24 chromosomes (PGD-A): 

systematic review. Hum. Reprod. 30, 473-483.  

63. Liu, M., Su, Y., Wang, W.H., 2016. Assessment of clinical application of preimplantation 

genetic screening on cryopreserved human blastocysts. Reprod Biol Endocrinol. 14: 16. 

64. Maheshwari, A., Kalampokas, T., Davidson, J., Bhattacharya, S., 2013. Obstetric and 

perinatal outcomes in singleton pregnancies resulting from the transfer of blastocyst-

stage versus cleavage-stage embryos generated through in vitro fertilization treatment: 

a systematic review and meta-analysis. Fertil Steril., 100:1615–1621.e1–e10.  

65. Martínez, F., Barbed, C., Parriego, M., Solé, M., Rodríguez, I., Coroleu, B., 2016. 

Usefulness of oocyte accumulation in low ovarian response for PGS. Gynecol Endocrinol. 

32:577-580. 

66. Mastenbroek, S., Repping, S., 2014. Preimplantation genetic screening: back to the 

future. Hum Reprod. 29, 1846–1850. 

67. Mastenbroek, S., Twisk, M., van der Veen, F, Repping, S, 2011. Preimplantation genetic 

screening: a systematic review and meta-analysis of RCTs. Hum Reprod Update. 17, 454-

466.  

68. Maxwell S.M., Collis, P., Hodes-Wertz, B., McCulloh, D.H., McCaffrey, C. Wells, D., 2016. 

Why do euploid embryos miscarry? A case-control study comparing the rate of 



aneuploidy within presumed euploid embryos that resulted in miscarriage or live birth 

using next-generation sequencing. Fertil Steril., 106:1414-1419. 

69. Maxwell, S.M., Grifo, J.A., 2018. Should every embryo undergo preimplantation genetic 

testing for aneuploidy? A review of the modern approach to in vitro fertilization. Best 

Pract Res Clin Obstet Gynaecol. 53:38-47.  

70. McCoy, RC., 2017. Mosaicism in Preimplantation Human Embryos: When Chromosomal 

Abnormalities Are the Norm. Trends Genet. 33:448-463.  

71. Meldrum, D.R., Su, H.I., Katz-Jaffe, M.G., Schoolcraft W.B., 2016. Preimplantation genetic 

screening 2.0: an evolving and promising technique. Fertil Steril., 106(1):64-65. 

72. Minasi, M.G., Greco, E., 2014. Current aspects of blastocyst culture, biopsy and 

vitrification. CCE Curr. Trends Clin. Embryol. 1, 27–33.  

73. Minasi, M.G., Fiorentino, F., Ruberti, A., Biricik, A., Cursio, E., Cotroneo, E., Varricchio, 

M.T., Surdo, M., Spinella, F., Greco, E., 2017. Genetic diseases and aneuploidies can be 

detected with a single blastocyst biopsy: a successful clinical approach. Hum Reprod., 

32(8):1770-1777.  

74. Montag, M., Toth, B., Strowitzki, T., 2013. Preimplantation diagnosis--PID: 

preimplantation genetic diagnosis (PGD) and preimplantation genetic screening (PGS). 

Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 56:1670-1678. 

75. Munné S, Alikani M, Ribustello L, Colls P, Martínez-Ortiz P.A, 2017. Referring Physician 

Group, D.H. McCulloh. Euploidy rates in donor egg cycles significantly differ between 

fertility centers. Hum Reprod., 32 :743-749. 

76. Munne, S., Kaplan, B., Frattarelli, J.L., Gysler, M., Child, T.J., Nakhuda, G., Shamma, F.N., 

Silverberg, K., Kalista, T., Oliver, K., Katz-Jaffe, M., Wells, D., T. Gordon, T., Willman, S., 



2017. Global multicenter randomized controlled trial comparing single embryo transfer 

with embryo selected by preimplantation genetic screening using next-generation 

sequencing versus morphologic assessment. Fertility and Sterility: e19. 

77. Murray, S.R. and Norman, J.E., 2014. Multiple pregnancies following assisted 

reproductive technologies—a happy consequence or double trouble?. Semin Fetal 

Neonatal Med., 19: 222–227. 

78. Murugappan, G.., Ohno, M.S., Lathi, R.B., 2015. Cost-effectiveness analysis of 

preimplantation genetic screening and in vitro fertilization versus expectant 

management in patients with unexplained recurrent pregnancy loss. Fertil Steril., 

103:1215-1220. 

79. Neal, S.A., Morin, S.J., Franasiak, J.M., Goodman, L.R., Juneau, C.R., Forman, E.J., Werner, 

M.D., Scott, R.T.Preimplantation genetic testing for aneuploidy is cost-effective, shortens 

treatment time, and reduces the risk of failed embryo transfer and clinical miscarriage. 

Fertil Steril. 2018;110(5):896-904.  

80. Okun, N., Sierra, S., 2014. Pregnancy outcomes after assisted human reproduction. J 

Obstet Gynaecol Can. 36(1):64-83.  

81. Oxford Center for Evidence-based Medicine (CEBM) -Levels of Evidence (March 2009). 

Available at: http: // www. cebm.net/oxford-centre-evidence-based-medicine-levels-

evidence-march-2009/ 

82. Ozgur, K., Berkkanoglu, M., Bulut, H., Yoruk, G.D.A., Candurmaz, N.N., Coetzee K., 2019. 

Single best euploid versus single best unknown-ploidy blastocyst frozen embryo 

transfers: a randomized controlled trial. J Assist Reprod Genet. 2019;36(4):629-636.  



83. Paulson, R.J., 2017. Preimplantation genetic screening: what is the clinical efficiency? 

Fertil Steril., 108(2):228-230. 

84. Paulson, R. J., 2019. Mathematics should clarify, not obfuscate: an inaccurate and 

misleading calculation of the cost-effectiveness of preimplantation genetic testing for 

aneuploidy. Fertil. Steril., 111(6):1113 – 1114. 

85. PGDIS, 2016. PGDIS position statement on chromosome mosaicism and preimplantation 

aneuploidy testing at the blastocyst stage.: Newsletter. 

86. Popovic, M., Dheedene, A., Christodoulou, C., Taelman, J., Dhaenens, L., Van 

Nieuwerburgh, F., Deforce, D., Van den Abbeel, E., De Sutter, P., Menten, B., Heindryckx, 

B., 2018. Chromosomal mosaicism in human blastocysts: the ultimate challenge of 

preimplantation genetic testing? Hum Reprod. 33(7):1342-1354. 

87. Rodriguez-Purata, J., Lee, J., Whitehouse, M, Duke, M., Grunfeld, L., Sandler, B., 

Copperman, A., Mukherjee, T., 2016. Reproductive outcome is optimized by genomic 

embryo screening, vitrification, and subsequent transfer into a prepared synchronous 

endometrium. J Assist Reprod Genet. 33(3):401-412.  

88. Rubio, C., Bellver, J., Rodrigo, L., Castillón G, Guillén, A., Vidal, C., Giles, J., Ferrando, M., 

Cabanillas, S, Remohí, J., Pellicer, A., Simón, C., 2017. In vitro fertilization with 

preimplantation genetic diagnosis for aneuploidies in advanced maternal age: a 

randomized controlled study. Fertil Steril. 107(5):1122-1129. 

89. Schoolcraft, W.B., Katz-Jaffe, M.G., 2013. Comprehensive chromosome screening of 

trophectoderm with vitrification facilitates elective single-embryo transfer for infertile 

women with advanced maternal age. Fertil Steril;100:615–619. 



90. Scott, R.T. Jr, Upham, K.M., Forman, E.J., Zhao, T., Treff, N.R., 2013. Cleavage-stage 

biopsy significantly impairs human embryonic implantation potential while blastocyst 

biopsy does not: a randomized and paired clinical trial. Fertil. Steril. 100, 624–630. 

91. Scott, R.T. Jr., 2017. Introduction: Subchromosomal abnormalities in preimplantation 

embryonic aneuploidy screening. Fertil Steril. 107(1):4-5.  

92. Seggers, J., Haadsma, M.L., Bastide-van Gemert, S.l., Heineman, M.J., Kok J.H., 

Middelburg, K.J., Roseboom, T.J., Schendelaar, P., Van den Heuvel, E.R., Hadders-Algra, 

M., 2013. Blood pressure and anthropometrics of 4-y-old children born after 

preimplantation genetic screening: follow-up of a unique, moderately sized, randomized 

controlled trial. Pediatr Res. 74:606-614.  

93. Sermon, K., Capalbo A, Cohen, J, Coonen, E., De Rycke, M., De Vos A, Delhanty, J., 

Fiorentino, F, Gleicher, N., Griesinger, G., Grifo, J., Handyside, A., Harper, J., Kokkali, G., 

Mastenbroek, S., Meldrum, D., Meseguer, M., Montag, M., Munné, S., Rienzi, L., Rubio, 

C., Scott, K., Scott, R., Simon, C., Swain, J., Treff, N., Ubaldi, F., Vassena, R., Vermeesch, 

JR., Verpoest, W., Wells, D., Geraedts, J., 2016. The why, the how and the when of PGS 

2.0: current practices and expert opinions of fertility specialists, molecular biologists, and 

embryologists. Mol Hum Reprod. 22, 845-857.  

94. Shahine, L.K., Lathi, R.B., 2014. Embryo selection with preimplantation chromosomal 

screening in patients with recurrent pregnancy loss. Semin Reprod Med. 32:93-99.  

95. Sills, E.S., Li, X., Frederick, J.L., Khoury, C.D. 2014. Determining parental origin of embryo 

aneuploidy: Analysis of genetic error observed in 305 embryos derived from anonymous 

donor oocyte IVF cycles. Mol Cytogenet 7:68. 

96. Sills, E.S., Anderson, R.E., McCaffrey, M., Li, X., Arrach, N., Wood, S.H. , 2016. Gestational 

surrogacy and the role of routine embryo screening: Current challenges and future 



directions for preimplantation genetic testing. Birth Defects Res C Embryo Today. 

108:98-102. 

97. Somigliana, E., Busnelli, A., Paffoni, A., Vigano, P., Riccaboni, A., Rubio, C., 

Capalbo, A., 2019. Cost-effectiveness of preimplantation genetic testing for 

aneuploidies. Fertil Steril. 2019 Feb 15. pii: S0015-0282(19)30063-9. doi: 

10.1016/j.fertnstert.2019.01.025 

98. Spinella, F., Fiorentino, F., Biricik, A., Bono, S., Ruberti, A., Cotroneo, E., Baldi, M., Cursio, 

E., Minasi, M.G., Greco, E. Extent of chromosomal mosaicism influences the clinical 

outcome of in vitro fertilization treatments. Fertil Steril. 2018;109(1):77-83. 

99. Su, H.I., Connell, M.W., Bazhenova, L.A., 2016. Ovarian stimulation in young adult cancer 

survivors on targeted cancer therapies. Fertil Steril. 106:1475-1478.  

100. Sueoka, K., 2015. Preimplantation genetic diagnosis: an update on current 

technologies and ethical considerations. Reprod Med Biol. , 15(2):69-75.  

101. Takyi, A., Santolaya-Forgas, J., 2017. Prenatal screening for chromosomal 

abnormalities in IVF patients that opted for preimplantationgenetic screening/diagnosis 

(PGS/D): a need for revised algorithms in the era of personalized medicine. J Assist 

Reprod Genet., 34:723-724.  

102. Tiegs, A.W., Hodes-Wertz, B., McCulloh, D.H., Munné, S., Grifo, J.A. 2016. Discrepant 

diagnosis rate of array comparative genomic hybridization in thawed euploid blastocysts. 

J Assist Reprod Genet. 33:893-897.  

103. Treff, N.R., Franasiak, J.M., 2017. Detection of segmental aneuploidy and mosaicism in 

the human preimplantation embryo: technical considerations and limitations. Fertil 

Steril. 107:27-31. 



104. Ubaldi, F.M., Capalbo, A., Colamaria, S., Ferrero, S., Maggiulli, R., Vajta G., Sapienza, F., 

Cimadomo, D., Giuliani, M., Gravotta, E., Vaiarelli, A., Rienzi, L., 2015. Reduction of 

multiple pregnancies in the advanced maternal age population after implementation of 

an elective single embryo transfer policy coupled with enhanced embryo selection: pre- 

and post-intervention study. Hum Reprod. 30:2097-2106. 

105. Ubaldi, F.M., Cimadomo, D., Capalbo, A., Vaiarelli, A., Buffo, L., 2017. Trabucco, E., 

Ferrero, S., Albani, E., Rienzi, L., Levi Setti P.E., 2017. Preimplantation genetic diagnosis 

for aneuploidy testing in women older than 44 years: a multicenter experience. Fertil 

Steril. 107, 1173-1180.  

106. Vendrell, X., Fernández-Pedrosa, V., Triviño, J.C., Bautista-Llácer, R., Collado, C., 

Rodríguez, O., García-Mengual, E., Ferrer, E., Calatayud, C., Ruiz-Jorro, M. , 2017. New 

protocol based on massive parallel sequencing for aneuploidy screening of 

preimplantation human embryos. Syst Biol Reprod Med. 63:162-178.  

107. Weissman, A., Shoham, G., Shoham, Z., Fishel, S., Leong, M., Yaron, Y., 2017. 

Chromosomal mosaicism detected during preimplantation genetic screening: results of a 

worldwide Web-based survey. Fertil Steril., 107:1092-109. 

108. Werner, M.D., Leondires, M.P., Schoolcraft, W.B, Miller, B.T,, Copperman, A.B., Robins, 

E.D., Arredondo, F., Hickman, T.N., Gutmann, J., Schillings, W.J., Levy, B., Taylor, D., Treff, 

N.R., Scott, R.T. Jr., 2014. Clinically recognizable error rate after the transfer of 

comprehensive chromosomal screened euploid embryos is low. Fertil Steril. 102:1613–

1618. 

109. Xu, J., Fang, R., Chen, L., Chen, D., Xiao, J.P., Yang, W., Wang, H., Song, X., Ma, T., Bo, S., 

Shi, C., Ren, J., Huang, L., Cai, L.Y., Yao, B., Xie, X.S., Lu, S. , 2016. Noninvasive 



chromosome screening of human embryos by genome sequencing of embryo culture 

medium for in vitro fertilization. Proc Natl Acad Sci U S A. 113:11907-11912.  

110. Yang, Z., Liu, J., Collins, G.S, Salem, S.A, Liu, X., Lyle, S.S., Peck, A.C., Sills E.S., Salem, 

R.D., 2012. Selection of single blastocysts for fresh transfer via standard morphology 

assessment alone and with array CGH for good prognosis IVF patients: results from a 

randomized pilot study. Mol Cytogenet. 5:24. 

111. Yang, Z., llu, J., Zhang, S., Kuang, Y., Lu, S., Lin, J. P., 2017. The combined use of time-

lapse and next-generation sequencing improves clinical outcomes: results from a 

randomized pilot study. Fertil Steril; 108: e242. 

112. Yang, Z., Zhang, J., Salem, S.A., Liu, X., Kuang, Y., Salem, R.D., Liu, J., 2015. Selection of 

competent blastocysts for transfer by combining time-lapse monitoring and array CGH 

testing for patients undergoing preimplantation genetic screening: a prospective study 

with sibling oocytes. BMC Med Genomics. 7:38.  



 

 

Curriculum Vitae  

Doctor of Medicine (2003) - Autonomous University of Barcelona (UAB). He is Head of the 

Human Reproduction service of the Hospital del Mar and professor at the (UAB). Director of 

the International Graduate program in Reproductive Medicine (UAB). Founder of Fertty. Has 

published more than 100 articles in peer review magazines. His current lines of investigation 

are Freeze all and Air pollution and Fertility.  



 



Table. Oxford Centre for Evidence-based Medicine (CEBM)-Levels of Evidence 

(March 2009). Available at: http://www.cebm.net/oxford-centre-evidence-based-

medicine-levels-evidence-march-2009/]  

Levels of 

evidence 

Type of study 

1a 

1b 

1c 

2a 

2b 

2c 

3a 

3b 

4 

5 

Systematic reviews (with homogeneity) of randomized controlled 

trials 

Individual randomized controlled trials (with narrow confidence 

interval) 

All or none randomized controlled trials 

Systematic reviews (with homogeneicity) of cohort studies 

Individual cohort study or low quality randomized controlled trials 

(e.g. <80% follow-up) 

“Outcomes" Research; ecological studies 

Systematic review (with homogeneity) of case-control studies 

Individual case-control study 

Case-series (and poor quality cohort and case-control studies) 

Expert opinion without explicit critical appraisal, or based on 

physiology, bench research or "first principles" 

Note: A minus sign "-" may be added to denote evidence that fails to provide a 

conclusive answer because it is either (a) a single result with a wide Confidence 

Interval; OR (b) a Systematic Review with troublesome heterogeneity.  

 


