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fWhy Euploid embryos do not implant?\

® Euploid embryos may not implant
due to factors beyond ploidy, like
developmental errors or
environmental stress.

® Metabolic factors can impact
embryo viability and implantation.

* PGT-A misses gene expression
patterns; multi-omics research

k offer deeper insights. /

Should we transfer the good, the bad and the ugly\?
* Up to five subsequent euploid transfers have
similar live birth potential.
* Low-morphology grade embryos can still result in
live births.
® Consider patient-specific factors in a shared
decision-making process for embryo tansfers.

® Cumulative live birth rate in IVF should be consider
as a journey rather than a single attempt. /

¢ The endometrium receptivity is not likely affected by previous embryo transfers.
* Nosignificant difference in live birth rates between the 4th and 5th euploid
transfers.

Can the endometrium sense
only the best embryos?

The September 2024 ESHRE Journal Club discussion focused on a study by Gill et al. (2024) on the available evidence to define RIF, the embryonic
factors that can lead to the implantation failure of euploid blastocyst, the (im)possibility of the endometrium playing a role in RIF, and the
implications for patients of transferring all euploid blastocysts from a stimulation cycle. PGT-A, preimplantation genetic testing for aneuploidy; RIF,
recurrent implantation failure.

Keywords: recurrent implantation failure / euploid transfers / embryo implantation potential / uterine factors / cumulative live
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Introduction to define RIF within a biological framework since implantation
Recurrent implantation failure (RIF) is a situation in which in vitro failure has been associated with many different variables such as
fertilized embryos from an IVF patient repeatedly fail to implant the morphological grading of the embryo, the total number of
after at least three transfer cycles. However, it has been difficult embryos transferred, the stage of embryo development, several
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uterine factors, maternal age, hydrosalpinges, immunological fac-
tors and thrombophilic conditions, among others (Coughlan et al.,
2014). A large effort has been made to recommend good practices
for RIF (ESHRE Working Group on Recurrent Implantation Failure,
2023) and standardize its definition ((The Writing Group) for the
Participants to the 2022 Lugano RIF Workshop, 2023) with an em-
phasis on embryo aneuploidy as the most common reason for im-
plantation failure when other known factors (e.g. hydrosalpinges
or uterine factors) are absent. A landmark study for RIF reported
that the three consecutive transfers of single euploid blastocysts
had a cumulative probability of implantation of 95.2%, leaving the
incidence of RIF as <5% in IVF patients (Pirtea et al., 2021). In a re-
cent study by Gill et al. (2024), published in Human Reproduction,
the authors investigated the clinical pregnancy and live birth rates
after the fourth and fifth euploid blastocyst transfers in women
who have suffered the failure of three previous euploid transfers
in the absence of a known factor that affects implantation. Gill
et al. analysed a cohort of 123 987 IVF patients with an exhaustive
list of exclusion criteria. From this cohort, only 105 patients met
the inclusion criteria and had at least one more euploid blastocyst
transferred after three failed euploid blastocyst transfers. These
data point to an extremely small patient population that can be
defined as true RIF (0.085%; 105 out of 123 987 patients) and
showed that both clinical pregnancies and live births in the fourth
euploid blastocyst transfers did not differ significantly from the
outcomes in the fifth euploid blastocyst transfers, supporting the
idea that the prevalence of RIF could be <5% as indicated by
Pirtea et al. (2021). Moreover, Gill et al. (2024) showed that the over-
all cumulative live birth rate (CLBR) with five euploid blastocysts
transferred was 98.1% (95% CI: 96.5-99.6%) in the absence of an
obvious factor affecting implantation, placing the prevalence of
true unexplained RIF as low as <2%. The study by Gill et al. (2024)
has strong implications in the actual diagnosis of RIF and high-
lights that the embryo is the main determinant for implantation
success and live birth. For these reasons, the September 2024
ESHRE Journal Club discussion focused on the available evidence
to define RIF, the embryonic factors that can lead to the implanta-
tion failure of euploid blastocysts, the (im)possibility of the endo-
metrium playing a role in RIF, and the implications for patients of
transferring all euploid blastocysts from a stimulation cycle.

What is RIF anyway?

Given the historical difficulties of defining RIF in our field, the
first task in analysing its true incidence is to ask what the clinical
profile of RIF patients would look like. Recently, several experts
have proposed clinical approaches to diagnose the actual RIF
aetiology and developed statistical models to try to understand
its occurrence (Smith et al., 2015; Ata et al.,, 2021; Rozen et al.,,
2021; ESHRE Working Group on Recurrent Implantation Failure,
2023; (The Writing Group) for the Participants to the 2022 Lugano
RIF Workshop, 2023). This discussion has led to define RIF as the
lack of implantation after the transfer of embryos considered to
be viable, or of ‘good’ morphology grade, in a uterus that is mor-
phologically normal and implying that a standardized fertility
workup has already been completed for the female patient.
Importantly, patients with obvious non-treatable uterine pathol-
ogies should be considered separately from possible RIF patients
seeking treatment. Thus, when performing clinical ART treat-
ments, the remaining patient population would consist of two
groups: (i) those patients with a realistic probability to conceive
and deliver when a viable embryo is transferred and (ii) those
with unidentifiable factors that contribute to a biological

resistance to embryo implantation and, therefore, unlikely to
achieve a successful pregnancy. Estimating the true size of RIF
prevalence could then be assessed by a decline in the rate of im-
plantation over successive embryo transfers. This is because,
conceptually, patients with true RIF would be expected to ever
achieve implantation and will remain in the RIF group after mul-
tiple transfers. Under these premises, it was already shown that,
when excluding uterine pathologies and transferring up to three
consecutive euploid embryos, RIF is a rare condition likely occur-
ring in <5% of infertile couples (Pirtea et al., 2021). Furthermore,
Gill et al. (2024) extended the assessment to five euploid embryo
transfers searching for a possible decline in the rate of implanta-
tion. Nevertheless, the authors confirmed that RIF is a rare condi-
tion, reducing its occurrence to <2% of patients without uterine
pathologies and undergoing up to five euploid embryo transfers.
These findings not only suggest that RIF is likely an epiphenome-
non of IVF rather than an actual aetiology of infertility, but they
also emphasize that clinical investigation and guidance by pro-
fessional criteria are necessary to avoid overdiagnosis, unneces-
sary testing, or the use of therapies without evidence of benefit.

Gill et al. defined their unit of analysis as the euploid blasto-
cyst transferred and assessed the occurrence of RIF through the
CLBR in the RIF cohort after five euploid embryo transfers. This is
an important point to note, since not all cycles will result in more
than five blastocysts available for transfer and implies that not
all the embryos transferred necessarily originate from a single
ovarian stimulation cohort, especially in women of advanced
maternal age (>35years old) and diminished ovarian reserve.
Interestingly, it has been suggested that the chances of obtaining
euploid blastocysts are not affected by a prior ART cycle with
only aneuploid embryos (Herlihy et al., 2022). Thus, the definition
of RIF should not be considered based on a single cohort of em-
bryos but rather on the number of euploid blastocysts trans-
ferred or the number of untested embryo transfers adjusted to
patient’s age.

Why do not all euploid embryos implant?

The data from both Pirtea et al. (2021) and Gill et al. (2024) showed
that CLBR with up to five euploid blastocyst transfers can reach
98.1%. Interestingly, these studies also showed a CLBR of ~65%
after one euploid transfer, indicating that not all euploid em-
bryos will result in a live birth and that embryo quality goes be-
yond ploidy status. Embryonic factors influencing reduced
implantation and subsequent live birth outcomes are diverse,
encompassing both intrinsic and extrinsic elements. Abnormal
cleavage patterns, delayed morula formation, prolonged blastu-
lation times, poor morphological grades, spontaneous blastocyst
collapse, and developmental delays are all associated with lower
implantation rates and reduced pregnancy success (Cimadomo
et al., 2023a). Besides a genetic origin, these embryonic pheno-
types could arise from environmental or metabolic disturbances.
For instance, preimplantation embryos are particularly sensitive
to various environmental stressors, including temperature fluc-
tuations, CO, levels, exposure to light, and aerosols, all of which
can disrupt critical developmental processes and impact implan-
tation success (Ramos-Ibeas et al., 2019). These environmental
stressors could trigger the unfolded protein response and endo-
plasmic reticulum stress pathways, resulting in cellular damage
during in vitro development of preimplantation embryos (Basar
et al.,, 2014; Sahin et al., 2023). Additionally, metabolic factors,
such as amino acid flux patterns, have been shown to predict
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blastocyst viability, the likelihood of successful implantation,
and chances of live birth (Lee and Rinaudo, 2024).

Furthermore, many embryonic abnormalities that affect im-
plantation and developmental potential cannot be detected
through preimplantation genetic testing for aneuploidy (PGT-A),
as this approach only assesses chromosomal abnormalities.
There are over 20 000 protein-coding genes in the human ge-
nome, and mutations in these genes, which are often undetected
by PGT-A, can influence embryo quality and implantation poten-
tial. For instance, specific mutations in genes encoding the sub-
cortical maternal complex, which is essential for embryo
development, have been associated with human infertility and
impaired offspring health (Bebbere et al., 2021; Tannorella et al.,
2022; Sahin et al., 2023). In general, preimplantation embryos un-
dergo dynamic changes in gene expression, with each develop-
mental stage being defined by a unique pattern of genes
expressed and for which improper expression can lead to the dis-
ruption of critical developmental processes affecting embryo via-
bility (Paonessa et al., 2021).

The advent of single-cell omics and multi-omics technologies
has allowed for a more comprehensive understanding of early
embryo development, providing access to genetic, epigenetic,
and transcriptomic profiles. These techniques, including single-
cell RNA sequencing, as well as innovations in RNA modifica-
tions, translation, and proteomics, promise to revolutionize the
study of blastocyst cell fate decisions, offering new avenues for
improving implantation success and pregnancy outcomes
(Paonessa et al., 2021; Ju et al., 2023). Although these techniques
warrant further investigation for their utility in embryo selection,
they can provide a more nuanced understanding of the intricate
factors governing embryo development and implantation poten-
tial and a promise to refine ART beyond the ploidy status of
the embryo.

Can the endometrium sense only the
best embryos?

The endometrium has been proposed as a biosensor for embryo
quality during its receptive window (Macklon and Brosens, 2014).
In this model, the decidualized endometrium is thought to allow
for the implantation of embryos that produce a robust amount of
beta hCG to ensure continuous ovarian progesterone production
during early pregnancy and, consequently, select against em-
bryos with an insufficient hCG production as they are perceived
to lack fitness for a sustained pregnancy. If this is the case, and
hCG might play a role in endometrial receptivity, each embryo
transfer might influence endometrial receptivity beyond the
length of the menstrual cycle through hCG administration, af-
fecting also endometrial receptivity in subsequent transfers.
Interestingly, a systematic review concluded that there is no sub-
stantive difference in clinical pregnancy in women undergoing
blastocyst transfers with or without intracavity administration of
hCG, and no evidence was found that miscarriage is reduced fol-
lowing the same treatment (Craciunas et al., 2018). Therefore, it
is not likely that prior embryo transfers could disturb the intrin-
sic receptivity of the endometrium in the long term. Although
Gill et al. (2024) reported a live birth rate of 53% in the fifth eu-
ploid transfer compared to 40% in the fourth transfer after three
euploid failures, this increase was not statistically significant. It
is noteworthy that there were only 105 such euploid transfers in
the dataset (out of 123 987 patients), suggesting that the precision
of this estimated success might be low. However, given the data
by Gill et al. (2024), and considering there is no apparent increase

in the probability of live birth with consecutive euploid transfers
(presumptively of diverse morphology grades), we can only con-
clude that each euploid transfer has a similar chance of live birth
when obvious uterine anomalies have been excluded.

Should we transfer the good, the bad, and
the ugly?

Blastocyst morphology has been previously associated with preg-
nancy outcomes in genetically untested embryo transfers
(Ahlstrom et al., 2011; Hill et al., 2013). Other observational stud-
ies have demonstrated an association with pregnancy outcomes
and morphology grade in euploid blastocysts, ranging from 13 to
35% of ongoing pregnancies for poor-morphology grade embryos
to 52-76% for top-morphology grade ones (Irani et al., 2017;
Nazem et al., 2019). Gill et al. (2024) demonstrated that, after three
failed euploid transfers, the subsequent fourth and fifth euploid
transfers had live birth rates of 40% and 53%, respectively. Most
clinics choose the euploid embryo transfer order based on the
morphology grade of the embryos and the day of blastulation. If
this is the case, most of the fourth and fifth euploid transfers
from a single stimulation embryo cohort would represent lower-
grade blastocysts. In this regard, an earlier study found that the
implantation potential of euploid blastocysts was similar despite
different morphology grades and developmental rates in 956
blastocysts (Capalbo et al., 2014), while a more recent study
showed that, in 1966 blastocysts, slow-developing or low mor-
phology grade embryos can still result in live births (Cimadomo
et al., 2022). This would suggest that, after three failed euploid
transfers, subsequent euploid transfers do have a good chance of
a successful live birth outcome.

It is important to note that clinical IVF practice varies globally,
with some clinics performing trophectoderm biopsy and vitrifica-
tion only on low-grade blastocysts versus other clinics only per-
forming these procedures on blastocysts with a good morphology
grade, more likely resulting in better per-transfer outcomes.
Therefore, the term low-grade euploid blastocyst may not apply
to all clinical scenarios and could have varying meanings across
clinics and countries.

RIF can be an ambiguous term affecting patient’s well-being.
Nevertheless, the results by Pirtea et al. (2021), Gill et al. (2024),
and the evidence discussed above indicate that we can assure
patients that after failed attempts of euploid transfers, each sub-
sequent euploid transfer still has a good chance of implantation.
In this sense, it is a coherent clinical approach to transfer all em-
bryos from a patient’s cohort before embarking on another cycle
of ovarian stimulation or using untested IVF add-ons with their
associated risks. However, it is important to also engage patients
and clinicians in a shared decision-making process to subse-
quently transfer all remaining embryos, including lower-grade
euploid blastocysts (Cimadomo et al., 2023b). Factors to consider
in an informed decision include the patient’s age, desired family
size, grade of the remaining embryos, insurance or state man-
dates, and the cost of each option. As in all clinical decision mak-
ing, one size does not fit all scenarios, and reproductive medicine
professionals must keep in mind that the CLBR should be used to
define IVF as a journey rather than a single attempt (Rienzi
etal., 2021).

Conclusion

For many years, RIF has been a puzzling condition in our field
resulting in the development of add-on treatments offered to
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patients without sufficient evidence of their efficacy. The article
by Gill et al. (2024) steps up on previous work by Pirtea et al. (2021)
to strongly indicate that RIF might mostly be a statistical misin-
terpretation and that, after excluding any obvious uterine anom-
alies and performing only euploid transfers, the prevalence of
true unexplained RIF is <2%. This is a good example of how
knowledge builds on previous work and evidence-based defini-
tions to improve clinical practice and avoid the use of untested
IVF add-ons. Moreover, the discussion of this article reopens the
debate on how to manage ART treatments based on patients’
characteristics and that one size does not fit all. Undoubtedly,
new research and technologies will help to select euploid em-
bryos with the highest implantation and live birth potential,
making the IVF journey more efficient for patients.
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