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Abstract
A clear definition of developmentally incompetent preimplantation embryo (DIPE) in literature is still missing, while several
scientific societies are discussing this challenging topic. From both a clinical and scientific perspective, the identification of
embryos unfit for reproductive purpose is crucial. This aim should be pursued in light of all diagnostic technologies for embryo
evaluation, encompassing also genetic analyses, of recent implementation in IVF. The Italian context is characterized by an
unusual scenario: embryos can be discarded only if not viable and cannot be used for research purposes either. Therefore,
thousands of embryos, diagnosed as affected and/or aneuploid as resulting from preimplantation genetic testing (PGT) and
clinically not utilizable, are cryopreserved and stored indefinitely, with important psychological, legal, and financial implications.
With the aim of updating the definition of DIPE, also on the basis of the embryo genetic status, the Italian Society of Embryology,
Reproduction and Research (SIERR) and the Italian Society of Human Genetic (SIGU) reviewed the literature on this topic,
found a consensus, and produced a list of relevant criteria.
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Introduction

How to define a developmentally incompetent preimplanta-
tion embryo (hereinafter referred to as DIPE) remains a chal-
lenge in the IVF practice. This definition is very important
because it may have legal, psychological, ethical, and reli-
gious implications. A definition of DIPE is missing in the
World Health Organization (WHO) International Committee
for Monitoring Assisted Reproductive Technologies
(ICMART) glossary of infertility [1, 2]. Some authors report-
ed the use DIPE in their studies, however failing to propose a
clear definition. Therefore, the only official document to date
which might be used to this end is the Istanbul consensus of
the European Society of Human Reproduction and
Embryology (ESHRE) and Alpha-Scientists in Reproductive
Medicine [3, 4]. In this document, an international panel of
experts in clinical embryology stated that “a non-viable em-
bryo is an embryo in which development has been arrested for
at least 24 h, or in which all the cells have degenerated or
lysed.” In 2018, the American Society for Reproductive
Medicine (ASRM) also released its experts’ opinion on “blas-
tocyst culture and transfer” [5], where they stated that “reliable
criteria to identify embryos destined to develop to viable blas-
tocysts in vitro remain to be established,” although an “intense
investigation to find markers” is ongoing.

Apparently, extended culture to the blastocyst stage, possi-
bly up to day 7 [6, 7], is per se the only practice to identify
DIPE by negative selection. In fact, “blastomere fragmenta-
tion, degeneration, mitotic arrest, and multinucleation” during
early cleavages might associate with a lower competence [8],
but they are insufficient to clearly identify non-viable embry-
os. In 2009, Gavrilov and colleagues defined as non-viable
“those embryos that had arrested or failed to divide normally
and/or were morphologically abnormal,” thereby supporting
that embryo morphological evaluation might suggest the ab-
sence of reproductive competence [9]. However, currently, we
know that “blastocysts that rate poorly using conventional
scoring can result in normal live births, indicating that ART
clinics should re-evaluate the threshold criteria used for blas-
tocyst viability” asMorbeck stated in 2017 [10]. The “reduced
but modest live birth rates” of poor-quality blastocysts [11]
become an even more important issue in light of Hammond’s
recent data, which show “significant disagreement for deci-
sion to freeze borderline blastocysts among embryologists”
[12]. In summary, any embryo that develops to the blastocyst
stage, regardless of its morphological quality (including blas-
tocysts graded < BB according to Gardner and Schoolcraft’s
classification [13]) and/or the presence of excluded/extruded
cells [14–18], might be euploid-diploid and result in a healthy
live birth if transferred [11, 19]. Moreover, an excessively
sustained embryonic metabolism was found by some authors
associated with reproductive incompetence, while embryos
with more moderate metabolic rate displayed a higher

competence [20, 21]. Apoptosis also may play a physiological
role throughout preimplantation development [22, 23].
Conversely, meiotic aneuploidies, although most certainly
not compatible with a live birth [24] (except for sex chromo-
some abnormalities and vital trisomies), only mildly affect
embryo development and blastocyst quality [19, 25]. In other
terms, the definition of DIPE is still largely unclear, while
several new evidences have emerged, especially from genetic
testing, in the last decades.

Some countries like Italy have specific laws (for Italy: Law
40/2004) protecting the status of the embryos. Specifically,
embryos can only be produced for reproductive purposes
and cannot be discarded, donated, or utilized for research. In
other terms, only arrested or degenerated embryos can be
discarded, while all remaining embryos must be cryopre-
served for an indefinite period of time, even if not utilized
for treatment. Thus, in Italy, couples are not allowed to make
an independent embryo disposition decision (EDD) [26, 27],
which is instead imposed by Law. Therefore, regretfully, en-
forcement of such a law occurs in disregard of crucial infor-
mation on embryo viability and pregnancy outcome offered
by conventional and more novel diagnostic technologies, in-
cluding those based on genetic testing. In Italy, several thou-
sand embryos diagnosed as affected and/or aneuploid as
resulting from preimplantation genetic testing (PGT), and
therefore not utilizable clinically, are cryopreserved and must
be stored until a new law that will eventually re-define their
status. This implies considerable costs for centers and a pos-
sible concern for patients. It was reported that the preference
of the majority of the couples after a PGT cycle would be, if
allowed, to donate affected/aneuploid embryos for research.
Couples reported to be strongly motivated by an altruistic will
to promote progress in IVF and/or stem cell research, thereby
helping other couples to solve their infertility problem [27].

For these reasons, the Italian Society of Embryology,
Reproduction and Research (SIERR) and the Italian Society
of Human Genetic (SIGU) collaborated to review the defini-
tion of DIPE, while also introducing the concept of genetically
incompetent embryos.

Material and methods

Study design, size, and duration

Five SIERR embryologists and two SIGU geneticists (a clini-
cian and a biologist), representative of their respective scien-
tific societies, worked as a committee in 6 board meetings
through 2018 and 2019, in order to draft the document. The
consensus was then approved by the steering committee of the
two scientific societies and publicly released through their
websites.
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Participants/materials, setting, and methods

Over a hundred scientific articles and guidelines were selected
through systematic search on the topic of DIPE. The most
recent studies on embryo morphology and morphokinetics
and the most recent studies reporting data produced with ad-
vanced PGT technologies allowed the committee to develop
standard criteria to define DIPE.

Glossary

Current definitions and terms of use are derived from the
revised glossary on Assisted Reproductive Terminology by
the WHO-ICMART [1, 2] and the Istanbul consensus [3, 4].

SIERR and SIGU consensus

SIERR in collaboration with SIGU drafted a consensus doc-
ument to define DIPE. The two societies agreed on which
embryos should be considered not usable for reproduction
purpose because they were unable to result in a live birth.
These include developmentally arrested and degenerated em-
bryos, zygotes with a number of pronuclei (PN) equal or
higher than 3, and embryos affected from lethal genetic and/
or chromosomal conditions. The destiny of such embryos is
strictly dependent on the specific laws enforced in different
countries. Yet, a consensus on their definition is pivotal to
build evidence-based directives or future laws and promote
research and progress in this important area of medicine and
healthcare.

Background

The chance that preimplantation embryos implant in a re-
ceptive endometrium and result in a live birth is limited
mainly by an impaired developmental/reproductive com-
petence. It is well-known that whole chromosome maternal
meiotic aneuploidies produced by advanced female age (>
35 years) [28] and/or lack of factors supporting embryo
deve lopmen t [29 ] a f f e c t imp lan t a t i on ab i l i t y .
Unfortunately, though, tools to unquestionably define em-
bryos’ competence are still not available. Embryo develop-
ment may be affected by metabolic disorders, yet not fully
understood or detectable in the context of the daily IVF
practice [30]. Still, some abnormal patterns and timings
of cell division can represent reliable markers of embryo
quality associated with a higher risk for implantation fail-
ure. This was already evident from static morphological
observations before the advent of time-lapse microscopy
(TLM) in the last decade. However, continuous morpho-
logical monitoring increased the power of detection of pre-
viously described phenomena and the magnitude and

precision of morphokinetic analyses [16, 17, 31, 32].
Nevertheless, unequivocal definition of embryo viability
based on single morphokinetic features or complex algo-
rithms remains elusive [33]. For instance, not even “direct
unequal cleavage” (DUC), a phenomenon consisting of the
division of cell directly into 3 daughter cells and that is
visible only through TLM, does allow an a priori labelling
of an embryo as “non-viable.” In fact, DUC can occur at
any stage of early preimplantation development [34]. The
resulting cleavage stage embryos are often affected by
complex aneuploidies caused by tripolar mitosis [17, 31]
and show a lower implantation rate [34]. Yet, although at a
significantly lower rate with respect to control embryos,
DUC-derived embryos might develop to blastocyst and
give rise to normal euploidy and implantation rates when
tested and transferred at this stage. The example of DUC
highlights how important it is nowadays to complement
morphological and morphokinetic evaluations with genetic
and/or chromosomal testing to increase our prediction on
embryo developmental and reproductive competence. At
present, three bioptic specimens are used to test the genetic
status of an embryo: (i) polar bodies from oocytes/zygotes,
(ii) single blastomeres retrieved at the cleavage stage, and
(iii) trophectoderm cells retrieved at the blastocyst stage
[35, 36], with the latter representing the current gold stan-
dard approach [36]. Trophectoderm biopsy indeed ensures
greater accuracy of genetic analysis and less impact on
embryo implantation viability after biopsy [37].

The association between daily observations and
embryo arrest

Day 1 observation (D1)

Male and female pronuclei appear almost simultaneously 5–
12 h post-insemination (hp.i.) and disappear almost 20 hp.i.
[38–41]. Whenever no pronuclei or a single pronucleus is
visualized (0PN or 1PN) at the fertilization check, especially
in the absence of a time-lapse incubator, a further visualization
is required 1–2 h later. In any case, the absence of cleavage
should be confirmed 24 h after the fertilization check.

Day 2 observation (D2)

The division of the fertilized oocyte into two blastomeres gen-
erally occurs starting at 20 hp.i., typically between 23 and
25 hp.i. [38, 41, 42]. Failure to undergo first cleavage between
44 and 46 hp.i. is suggestive of arrested development.

Day 3 observation (D3)

During preimplantation embryo development, the cell cycle
becomes progressively slower. Therefore, with reference to
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D2 observation, in the absence of further mitotic cell division
between 44 and 46 and 70–72 hp.i., the embryo can be con-
sidered arrested.

Day 5–7 observation (D5–D7)

If the embryo has not developed to the blastocyst stage by
days 5–7 post-insemination, it should be considered arrested
and non-viable. Clearly, blastocyst culture is the most direct
and reliable strategy to assess embryo developmental compe-
tence, regardless of the nature of the observations (static or
morphodynamic) conducted at the earliest stages.

Definitions

The definitions the authors agreed on and reported in this
consensus paper are summarized in Fig. 1. Based on the
chances of an embryo to establish a healthy live birth or cause
serious adverse events if transferred, we defined three devel-
opmental categories: developmentally competent preimplan-
tation embryos (from here onwards defined DeCE), develop-
mentally competent preimplantation embryos of undefined
reproductive competence (from here onwards defined
DeCURC), and DIPE.

Developmentally competent preimplantation
embryos

A preimplantation embryo is considered “developmentally
competent”:

1. When derived from a 2PN-zygote, viable at the moment
of transfer or cryopreservation and either genetically un-
tested or euploid. These characteristics are more predic-
tive of a live birth when associated with a blastocyst stage
embryo.

2. When derived from a 0PN- or 1PN-zygote and reported
euploid-diploid at the blastocyst stage.

3. Blastocysts affected from monogenic conditions or aneu-
ploidies compatible with a pregnancy beyond the first
trimester. Although not compatible with a healthy live
birth, these embryos might result in a syndromic child
and therefore be reproductively competent.

Developmentally competent embryos of undefined
reproductive competence

Some atypical cases deserve further investigation and still
represent a gray area in the general question of embryonic

Developmentally 

competent preimplantation 

embryos (DeCE)

• Genetically-untested and euploid 2PN-derived viable embryos (preferably 

blastocysts)

• Euploid-diploid 0PN- and 1PN-derived blastocysts

• Blastocysts affected from monogenic conditions and/or aneuploidies 

compatible with a pregnancy beyond the 1st trimester

Developmentally 

competent preimplantation 

embryos of undefined 

reproductive competence 

(DeCURC)

• Genetically-untested 0PN- and 1PN-derived blastocysts

• Mosaic embryos

• Embryos affected from segmental (also known as partial) aneuploidies

• ≥3PN-derived embryos

• Developmentally-arrested and degenerated embryos

• Embryos affected from: (i) constitutive complex aneuploidies; (ii) 

constitutive monosomies; (iii) constitutive trisomies of chromosome 1, 2, 3, 

4, 5, 7, 10, 11, 12, 14, or 19; (iv) haploidy or poliploidy; (v) Lethal 

monogenic conditions

Developmentally 

incompetent 

preimplantation embryos 

(DIPE)

Fig. 1 Summary of the definitions outlined in this consensus paper by the
Italian Society of Embryology, Reproduction and Research (SIERR) and
the Italian Society of Human Reproduction (SIGU) to categorize human
embryos during IVF cycles as developmentally competent preimplanta-
tion embryos (DeCE), developmentally competent preimplantation em-
bryos of undefined reproductive competence (DeCURC), and develop-
mentally incompetent preimplantation embryos (DIPE). Embryos affect-
ed from monogenic conditions and/or aneuploidies compatible with a

pregnancy beyond the 1st trimester (written among DeCE in gray) might
result in a syndromic child therefore cannot be considered neither
DeCURC nor DIPE. Only aneuploidies in the uniform range compatible
with a meiotic constitutive abnormality were considered to define DIPE.
The risk for clinically meaningful false-positive assessments is indeed
minimal for them. Any reported chromosomal abnormality other than
these outlines a DeCURC. PN pronuclei
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competence. Such uncertainties derive from either persistent
lack of relevant knowledge or from risk for false-positive re-
sults generated by embryological or molecular methodologies
of embryo assessment. These embryos were defined as “de-
velopmentally competent but of undefined reproductive com-
petence” and correspond to the following cases:

1. Genetically untested 0PN- and 1PN-derived blastocysts
2. Mosaic embryos
3. Embryos affected from segmental (also known as partial)

aneuploidies

Developmentally incompetent preimplantation
embryos

A preimplantation embryo is considered “developmentally
incompetent” if unable to give rise to post-natal life, according
to the below criteria:

1. If the nuclear status is different from diploidy. This eval-
uation is carried out already at the time of fertilization in
day 1 by observing the presence of a number of PN other
than 2. However, while ≥ 3PN-derived zygotes are con-
sidered DIPE, if 0PN- and 1PN-zygotes develop to the
blastocyst stage, they might be categorized as DeCURC
when genetically untested, DeCE when tested by PGT
and diagnosed euploid-diploid, or DIPE when tested by
PGT and showing any chromosomal constitution other
than euploid-diploid.

2. If it does not undergo further cell division up to 48 h after
the previous observation and is therefore defined devel-
opmentally arrested or degenerated.

3. If, at the blastocyst stage, it is affected from complex
constitutive aneuploidies in the uniform range (trisomy
and/or monosomy of 2 or more autosomes).

4. If, at the blastocyst stage, it is affected from a constitutive
monosomy of an autosome in the uniform range.

5. If, at the blastocyst stage, it is affected from a constitutive
trisomy in the uniform range incompatible with a viable
pregnancy beyond the first trimester. The chromosomes
relevant to this definition are 1, 2, 3, 4, 5, 7, 10, 11, 12, 14,
and 19.

6. If, at the blastocyst stage, it is affected from polyploidy
(triploidy/tetraploidy) or haploidy, as ascertained by vali-
dated genotyping-based technologies.

7. If, at the blastocyst stage, it is affected from constitutive in
utero lethal monogenic conditions.

Of note, only aneuploidies in the uniform range compatible
with a meiotic abnormality were considered to define DIPE.
The risk for relevant clinically significant false-positive as-
sessments is indeed minimal . Any chromosomal

abnormalities other than those reported above are consistent
with a condition of DeCURC.

Discussion

Considerations on embryo observation on day 1 post-
insemination to define a DIPE

In the last decades, several groups aimed to define specific
criteria to outline embryo viability from the earliest stages of
development. Day 1 observation is a relevant step. Male and
female PN appear almost simultaneously at 5–12 hp.i. and
disappear at ~ 20 hp.i. [38–41]; therefore, zygotes’ morpho-
logical evaluation is typically performed at 17 ± 1 hp.i.
Different scoring systems were proposed for zygote evalua-
tion [43–45]. These schemes mainly score the number and
position of the nucleolar precursor bodies (NPB) in each PN,
the size and alignment of the PN, and the quality of the cyto-
plasm [46]. In fact, several studies reported a positive associ-
ation between the presence of two equally sized centrally lo-
cated PN, number and size of the NPBs, and blastocyst for-
mation and/or pregnancy rates [3, 4, 47–52]. By definition, the
presence of two polar bodies (PBs) and two PN with two
distinct and visible membranes identifies a normally fertilized
oocyte. Conversely, the absence of PN (0PN), the presence of
a single PN (1PN), or the presence of extra PN (≥ 3PN) are
indicative of abnormal fertilization (https://atlas.eshre.eu/es/
14546650241811190), and several experts part of the
ESHRE agreed that 0PN-, 1PN-, and ≥ 3PN-derived
embryos should not be used for clinical purposes [53], but
c lear in te rna t iona l guide l ines or good prac t ice
recommendations are missing on this topic.

Tables 1 and 2 summarize the results of our systematic
search for English manuscripts on the topic of 0PN- and
1PN-derived embryos in terms of reference, study size,
workflow, kind of PN assessment (static or morphodynamic),
euploidy rate (if assessed), and live birth rate.

0PN-derived embryos

The prevalence of 0PN zygotes is 10–20% [54, 55], as a con-
sequence of an unfertilized oocyte, the precocious disappear-
ance of PN, or the lack of PN formation. In the latter two
cases, the fertilization process may have occurred properly,
and the related embryos might develop to the blastocyst stage
and potentially implant [54–56]. Specifically, Basile et al.
outlined that PN might disappear as early as 6 hp.i. or appear
as late as 30 hp.i. [57]. Therefore, a zygote might be
miscategorized as a 0PN at 17 ± 1 hp.i., even if it is a normally
fertilized 2PN embryo. This limitation of static observation
might lead to discarding viable embryos. The use of TLM
might help overcome this issue [32]. This important limitation
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of static morphological observation encouraged some groups
to transfer 0PN-derived cleavage or blastocyst stage embryos.
Although live birth rates variable between 15 and 26% were
reported [54–56] (Table 1), the ESHRE recommends not to
use them clinically [53]. In this consensus paper, we defined
0PN-derived blastocysts DeCURC if genetically untested and
DeCE if tested and diagnosed euploid-diploid.

1PN-derived embryos

The prevalence of 1PN zygotes is 5–9% after conventional IVF
or ICSI [55, 58–62]. Of note, although in normally fertilized
oocytes, the two PN appear mostly simultaneously, it has been
observed that in a small proportion of cases, they are asynchro-
nous [46]. The implementation of TLM incubators helped us

Table 1 Summary of the main published clinical evidence on 0PN-derived embryos. PN pronuclei,D3 day 3, SET single embryo transfer,DET double
embryo transfer, LBR live birth rate

Paper Size Workflow PN
assessment

Euploidy rate LBR

Destouni
2018

268 cycles
301 0PN out of 2337 zygotes

(12.9%)
49 D3 embryos out of 301 0PN

zygotes (16.3%)

- ICSI
- D3 biopsy
- Blastocyst

vitrification
- Genome-wide

haplotyping

Standard Euploid-diploid
biparental:

27 out of 49 D3 embryos
(55.1%)

2 out of 13 euploid-diploid blastocyst
SET (15%)

Liu 2016 4424 cycles
4966 0PN out of 43,949 zygotes

(11.3%)

- IVF
- D3 culture

Standard - 13 out of 70 untested SET/DET
(19%)

Hondo
2019

11,588 cycles - IVF/ICSI
- Blastocyst culture

Standard - 22 out of 84 untested SET (26%)

Table 2 Summary of the main published clinical evidence on 1PN-
derived embryos. PN pronuclei, D3 day 3, STRs short tandem repeats,
aCGH array comparative genomic hybridization, qPCR quantitative

polymerase chain reaction, SNP single nucleotide polymorphism, NGS
next-generation sequencing, TLMmite lapse microscopy, SET single em-
bryo transfer, LBR live birth rate

Paper Size Workflow PN assessment Euploidy rate LBR

Destouni
2018

268 cycles
132 1PN out of

2337 zygotes
(6%)

15 D3 embryos out
of 132 1PN
zygotes (11%)

- ICSI
- D3 biopsy
- Blastocyst vitrification
- Genome-wide haplotyping

Standard Euploid-diploid biparental:
5 out of 14 D3 embryos (36%)

1 out of 1
euploid-diploid
blastocyst SET
(100%)

Mateo
2017

64 cycles
115 1PN-derived

D3 embryos

- ICSI
- D3 biopsy
- Blastocyst vitrification
- aCGH

TLM Euploid:
15 out of 88 D3 embryos (17%)

1 out of 2 euploid
blastocyst SETs
(50%)

Capalbo
2017

678 cycles
200 1PN out of

3785 zygotes
(5%)

13 blastocysts out
of 200 1PN
zygotes (6.5%)

- ICSI
- TE biopsy
- Blastocyst vitrification
- qPCR (for aneuploidies) plus

SNP-array/NGS (for ploidy)

Standard/TLM Euploid-diploid:
3 out of 13 blastocysts (23%)

1 out of 2
euploid-diploid
blastocyst SETs
(50%)

Bradley
2017

4272 cycles
1192 1PN zygotes
106 blastocysts out

of 1192 1PN
zygotes (9%)

- IVF/ICSI
- TE biopsy
- Blastocyst vitrification
- aCGH/NGS (for aneuploidies) plus

STRs analysis among female balanced
blastocysts (for ploidy)

Standard Euploid-diploid:
55 out of 106 blastocysts (52%)
[4 female blastocysts were not

tested for ploidy due to absence
of parental controls]

9 out of 26
euploid-diploid
blastocyst SETs
(35%)

Hondo
2019

11,588 cycles - IVF/ICSI
- Blastocyst culture

Standard - 14 out of 73 untested
blastocyst SETs
(19%)
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discern true 1PN zygotes from embryos that would have been
miscategorized as mono-pronuclear via a standard morpholog-
ical evaluation as a result of an asynchronous appearance of the
PN or their fusion [32, 60]. Already in the early 1990s, 1PN-
derived zygotes were analyzed and some of themwere reported
diploid [63, 64]. In particular, some differences were reported
depending on the fertilization strategy used with a lower prev-
alence of diploid 1PN-derived cleavage stage embryos after
ICSI (28%) than after conventional IVF (48.7%) [58]. The
main explanation for this was the more frequent asymmetrical
appearance of PN when IVF is adopted (3 times higher accord-
ing to Nagy et al. [65]), in turn causing more often the misclas-
sification of 2PN zygotes as 1PN. Nonetheless, in 2017,
Bradley and colleagues still reported better outcomes for
1PN-derived zygotes obtained after conventional IVF than after
ICSI [61]. In general though, whichever fertilization technique
is adopted, ≥ 5% of 1PN zygotes can develop to the blastocyst
stage. Therefore, in the last decade, several groups adopted the
most recent genetic technologies (genome-wide haplotyping,
aCGH, SNP-array, NGS) to rescue these embryos for clinical
use, by discriminating the euploid from the aneuploid ones [55,
60, 61, 66]. The rate of clinically usable 1PN-derived embryos
ranged 17–52% and their live birth rates were high enough to
justify their clinical use. This could suggest a further update of
the ESHRE guidelines [53] and led to the recommendation of
testing 1PN-derived blastocysts with advanced genetic technol-
ogies. However, such option should be explored at least initially
in an experimental context, subject to couples’ informed con-
sent, and in the absence of sibling normally fertilized 2PN em-
bryos (Table 2). As for 0PN-derived blastocysts, also 1PN-
derived blastocysts were defined DeCURC if genetically un-
tested and DeCE if tested and diagnosed euploid-diploid.

≥ 3PN-derived embryos

Given that the prevalence of triploidy is 1–3% among spon-
taneous conceptions [67] and 15–18% among miscarriages
[68] and that ≥3PN zygotes are supposed to carry a triploid
or polyploid chromosomal constitution, these embryos should
not be transferred because of their higher probability to result
in a miscarriage or molar pregnancy [58]. Indeed, the ESHRE
suggested to discard them as not viable [53]. The scenarios
leading to 3PN-related abnormal fertilization are digyny (i.e.,
the presence of two maternal haploid chromosome sets plus
one paternal haploid set), which occurs when the fertilized
oocyte is diploid due to an error in meiosis, and diandry
(i.e., the presence of two paternal haploid chromosome sets
plus one maternal haploid set), which occurs when two hap-
loid sperms or one diploid sperm fertilize a haploid oocyte.
Although ICSI prevents polyspermy, 3PN zygotes are visual-
ized even when this fertilization technique is adopted.

Due to the aforementioned risks related with the transfer of
≥ 3PN embryos, there is no study that, to the best of our

knowledge, analyzed their clinical outcomes and just a few
studies provided data to investigate these embryos in general
[69, 70]. Some authors reported cases of 3PN-derived blasto-
cysts whose CCT data were compatible with a normal chro-
mosomal constitution, but resulted also in a significantly
higher prevalence of uniparental disomy (UPD) [71–73], yet
none of these embryos was transferred. In conclusion, the
limited evidence in favor of the clinical use of ≥ 3PN-derived
embryos and the considerable risks for the patients demanded
a careful judgment; hence, these embryos were defined DIPE
in this consensus document.

Considerations on genetic and chromosomal
abnormalities to define a DIPE

The definition of the genetic state of the embryo is critical in
the classification of DIPE. All the alterations listed in this
document are linked to pathological conditions that cause em-
bryo arrest, failure to implant in the uterus, or early miscar-
riage. Somemonogenic conditions may be compatible with an
ongoing pregnancy, but are certainly incompatible with extra-
uterine life. The strong conservative criterion “incompatible
with extrauterine life” was chosen to define which chromo-
somal or genetic anomalies define a DIPE. Very serious con-
ditions that are compatible with an extrauterine survival, even
if with a poor quality of life and/or an early death (viable
syndromes, like the ones involving chromosomes 13, 18,
and 21), were defined a DeCE in this consensus document,
since they may still result in live births, although syndromic.
The chromosomal abnormalities mentioned among DIPE
have never been reported in live births, being instead frequent-
ly detected in products of conceptions (POCs) or at chorionic
villi sampling, and inevitably leading to a non-viable pregnan-
cy [74]. In particular, complex constitutive aneuploidies can
cause embryo developmental arrest before implantation, while
constitutive trisomy of chromosomes 1, 2, 3, 4, 5, 7, 10, 11,
12, 14, and 19 as well as a monosomy of any autosome is
considered incompatible with a viable pregnancy beyond the
first trimester. Instead, they are responsible for severe intra-
uterine growth restriction (chromosomes 2 and 7), blighted
ovum (monosomies and trisomies), and early arrest of fetal
heartbeat (trisomies). Finally, for trisomies of imprinted chro-
mosomes (e.g., chromosomes 7, 11, 14), there is a minimal
risk of trisomy correction (embryo rescue) which can cause
UPD with the development of severe fetal pathologies or the
birth of a newborn affected from genetic diseases (Prader-
Willi/Angelman syndrome, Beckwith-Wiedemann/Silver-
Russell syndrome). Nevertheless, in human blastocysts, the
prevalence of UPD has been reported exceedingly rare
(0.06%) [75].

The possibility to detect embryonic polyploidy adds an
important element in the classification of DIPE, as these em-
bryos rarely grow beyond the first gestational weeks
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(tetraploidy) or the first trimester (triploidy) [76]. Triploidy
results from abnormal maternal or paternal genomic contribu-
tions to the conceptus. In triploid pregnancies, the parental
origin of the extra genome determines the phenotype and out-
comes of the fetus and placenta, with differential expression of
maternal and paternal genes influencing normal embryonic
development [77, 78]. When the third haploid genome is pa-
ternally derived, the typical presentation is a partial molar
pregnancy (hydatidiform mole, HM), whereas when the third
haploid genome is maternally derived, the presentation is a
non-molar triploid pregnancy. Up to 5% of women with HM
will subsequently require chemotherapy for persistent gesta-
tional trophoblastic neoplasia. Another type of molar pregnan-
cy originates from a diploid embryo with a single parent ge-
nomic contribution, defined as a complete mole (CM).
Unfortunately, with the technologies currently in use in
PGT, the analysis of the parental origin of the embryonic
genome is not routine. Should this assessment be easier to
perform in the future, it would be possible to classify these
diploid embryos with only paternally derived genomes as
DIPE, avoiding the risk of obtaining a CM pregnancy with a
risk of neoplastic degeneration as high as 15%.

Since it is not feasible to provide a definitive and exhaus-
tive list of monogenic diseases that fall in the definition of
DIPE after PGT-M, we have defined DIPE as those embryos
affected from genetic conditions non-compatible with an ex-
trauterine survival, for instance, incontinentia pigmenti in
male embryos, Meckel’s syndrome, complete homozygous
defect of the mitochondrial respiratory chain, Friedreich ataxia
homozygous for point mutations, spinal muscular atrophy
with no copies of the smn2 gene, and homozygous alpha thal-
assemia with fetal hydrops. All embryos affected from these
conditions are at high risk of adverse outcomes during gesta-
tion, ranging from failure to implant in the uterus to early
miscarriage, intrauterine fetal death, and malignancy.

Considerations on PGT-A and its limitations: implica-
tions for the definition of DeCURC

PGT-A at the blastocyst stage is, at present, the most reliable
method to assess the cytogenetic constitution of preimplanta-
tion embryos. The primary analytical objective of this ap-
proach is to identify the presence of meiotically derived chro-
mosomal aneuploidies, which is the main trait associated with
the decline in natural fertility in humans [79]. The only tech-
nique to define the meiotic origin of chromosomal aneu-
ploidies in a preimplantation embryos is SNP array with the
support of parental DNA (i.e., karyomapping) [80]. However,
several comprehensive chromosome testing technologies
have shown high accuracy in detecting this type of aneu-
ploidies when uniformly present in a single trophectoderm
biopsy [81–83]. These include qPCR, aCGH, and SNP array
without input from parental DNA and more recently targeted-

and whole genome amplification–based NGS protocols with
stringent bioinformatic algorithms for aneuploidy calling.
Several studies showed that when multiple biopsies are col-
lected from the same blastocyst (multifocal biopsy approach),
uniform whole chromosome aneuploidies are consistently de-
tected in all embryonic regions including the inner cell mass
[81, 83]. The clinical positive predictive value of uniform
aneuploidy classification at the blastocyst stage was also re-
ported in two non-selection studies investigating the develop-
mental potential of aneuploid embryos [82, 84]. In these stud-
ies, trophectoderm biopsies were collected during the fresh
cycles but analyzed only after the embryo transfers had taken
place, thus allowing an unbiased assessment of the reproduc-
tive potential of uniformly aneuploid embryos. Collectively,
over 98% of uniformly aneuploid embryos that were trans-
ferred failed to result in a live birth, highlighting almost per-
fect concomitance between constitutive aneuploidies and de-
velopmental incompetence. The rare normal live births de-
rived from aneuploid embryos are mainly related to inherent
diagnostic limitations (mosaicism and technical false positive)
that are typical of any form of genetic diagnosis, including
those performed at the prenatal stages. Using a different study
design, Popovic and colleagues reached similar conclusions.
By comparing the chromosomal constitution of clinical
trophectoderm biopsies and embryonic outgrowth on day 12
of development, they reported 100% concordance for aneu-
ploidies detected in the uniform range with the cytogenetic
analysis of the resulting embryonic outgrowths [85]. Based
on this evidence, the detection of uniform constitutive aneu-
ploidies in trophectoderm biopsies is almost certainly associ-
ated with embryo developmental incompetence, and the diag-
nostic result can be considered for embryo de-selection pro-
cess when involving the specific chromosomal configurations
highlighted above. Therefore, we have classified DIPE all
those embryos affected from complex aneuploidies, mono-
somies, and trisomies not compatible with extrauterine life
that are detected in the uniform range.

Compared with previous technologies, recent increase in
NGS-based PGT-A applications on trophectoderm biopsies
has provided greater analytical throughput and cost-effec-
tiveness, extending the employment of PGT-A to far more
couples than before. Chromosome copy number variations
(CCNV) for whole chromosomes and large deletion/
duplication regions (usually above 6 Mb) are identified
using custom or commercial algorithms and software. The
intrinsic higher sensitivity of NGS for intermediate CCNV,
combined with the application of subjective criteria for an-
euploidy classification, has led to inconsistency of results
across different laboratories, resulting in an extraordinary
controversy and debate about the accuracy of PGT-A to
correctly detect mosaic aneuploidies in embryos. Unlike
uniform aneuploidies, essentially of meiotic origin and
present in all cells of the ensuing embryo [28, 86, 87],
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mosaicism originates from mitotic errors occurring during
early cleavage events [74]. The consequence of this type of
errors is the simultaneous presence of chromosomally dis-
tinct cell lines within the embryo, producing a diploid/
aneuploid mosaic (both euploid and aneuploid cells present)
or an aneuploid mosaic (cells carrying different aneu-
ploidies) embryo. Following NGS analysis, the presence
of intermediate CCNV falling between the disomy and an-
euploidy thresholds can be interpreted as chromosomal mo-
saicism. However, as widely recognized, the lack of stan-
dardization in the analytical process employed and technical
and biological limitations can severely impact the reliability
of mosaic diagnosis derived from a single trophectoderm
biopsy. In fact, evidence of inconsistent results was reported
both in multifocal biopsy models and in the clinical setting,
where the transfer of putative mosaic and fully euploid em-
bryos resulted in similar reproductive and gestational/
neonatal outcomes [81, 83, 88]. For these reasons, PGT-A
results consistent with diploid/aneuploid mosaicism cannot
be used to define DIPE, as they may be in part the result of
analytical artifacts [88–90]. Embryos reported “mosaic” ac-
cording to the current practice should be better called “em-
bryos with a PGT-A result falling in the mosaic range” as
suggested by Forman [91] or “embryos with intermediate
copy number of individual chromosome” as suggested by
Paulson and Treff [92]. Still, assuming that novel protocols
might unequivocally identify the presence of both euploid
and aneuploid cells in a trophectoderm biopsy, a diagnosis
of chromosomal mosaicism is simply not feasible by defi-
nition because of the inherent sampling bias (i.e., a genu-
inely mosaic blastocyst would always result in different di-
agnoses on multiple trophectoderm biopsies). Based on all
these considerations, mosaic embryos were categorized in
this consensus as DeCURC.

Lastly, segmental (also known as partial) aneuploidies were
the object of a recent comprehensive study carried out in blas-
tocyst stage embryos [81]: (i) these chromosome abnormalities
may be detected in about 3–6% of trophectoderm biopsies,
affecting any chromosome arm; (ii) their prevalence is indepen-
dent of maternal age; and (iii) in more than 60% of cases after
the analysis of multifocal blastocyst biopsies (including the
inner cell mass), they showed a configuration compatible with
either a mitotic or artifactual origin. Based on this evidence, the
clinical value to report segmental aneuploidies is subject to an
ongoing investigation. Regardless, a tentative scheme has been
already suggested, based on the size of the segmental aneuploi-
dy and confirmation in two consecutive trophectoderm biop-
sies. Apparently, if the aneuploidy is larger than 80 Mb and
consistent in two clinical samples, it is most probably of meiotic
origin and therefore constitutive and present also in the inner
cell mass. Future clinical data are required to shed light on this
question. For this reason, embryos affected from segmental
aneuploidies were classified as DeCURC.

Conclusion

The definition of degenerated and developmentally arrested
embryos as non-viable does not have any ethical and/or scien-
tific implication. Instead, the inclusion of both aneuploid em-
bryos and embryos affected from severe monogenic conditions
in this definition opens novel perspectives for those countries,
like Italy, where these embryos must be cryopreserved indefi-
nitely with all the inherent psychological, legal, and financial
implications involving both couples and IVF centers. DIPE
might be instead used for research (under couples’ informed
consent and approval of an ethic committee) in the field of
human development and for the production of embryonic stem
cells (ESCs). The Italian situation is unusual also when it comes
to ESCs. In fact, such cells may be obtained from other coun-
tries and used experimentally, but cannot be produced in Italy
for the same purposes. Notably, according to a recent survey
promoted by an Italian private IVF clinic, patients considered
donation for research more acceptable than indefinite cryo-
storage or disposal [27]. From a broader perspective, a recog-
nized definition of DIPE based on embryological and the ge-
netic evidences is essential (i) for clinicians to offer a more
complete counseling to the couple with respect to the non-
viability of their embryos; (ii) for law-making bodies and insti-
tutional ethic committees, to the aim of defining clinically via-
ble and non-viable embryos; and (iii) for couples, to decide with
increased awareness the fate of their DIPE based on current
knowledge and the consensus of two scientific societies.

While for DIPE, the event of a false-positive classification is
remote, DeCURC category includes embryos more subject to
false-positive assessments, according to both embryological
and molecular criteria. After comprehensive and evidence-
based genetic and gynecologic counseling on the realistic
short- and long-term prognosis of these embryos (“quoad vitam
et quoad valetudinem”), patients shall always be given the pos-
sibility to make an independent EDD on the destiny of their
embryos. In an experimental setting, DeCURC might even be
transferred, while recognizing their negligible chance to result
in a healthy live birth and/or the considerable risk of serious
adverse events. Finally, among DeCE, we included also blas-
tocysts affected from monogenic conditions and/or aneu-
ploidies compatible with a pregnancy beyond the 1st trimester.
As the condition of such embryos might be compatible with a
live birth, although syndromic, a couple might even decide for
their use after careful genetic and gynecologic counseling [93].

The definitions included in this manuscript are clearly sub-
ject to future updates based on the scientific and clinical evi-
dence that might be produced in the coming years in this field.
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