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Noninvasive andminimally invasive preimplantation genetic testing for aneuploidy (PGT-A) is a tool that may one day become the gold
standard for embryonic chromosomal screening. Investigations on this topic have ranged from studying the culture media of embryos to
the fluid inside the blastocoel, all in an attempt to find a reliable source of DNA without the need to biopsy the embryo. There is great
interest across the board, both from those for and against biopsy, in a reliable test process that would give the patient and provider the
same information possible from a biopsy without the risk. We aim to explore the current available research to better understand the
utility and accuracy of PGT-A with these new sampling techniques. General concordance rates in comparison with biopsy-based
PGT-A are promising, but it is clear that additional research and understanding are needed before adopting noninvasive and minimally
invasive PGT-A as a widely used tool with strong clinical utility. (Fertil Steril� 2023;120:235–9.�2023 by American Society for Repro-
ductive Medicine.)
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N oninvasive and minimally
invasive preimplantation ge-
netic testing for aneuploidy

(miPGT-A) is a tool that may one day
become the gold standard for embry-
onic chromosomal screening.
Compared with traditional PGT-A,
which removes cells from the trophec-
toderm (TE), noninvasive PGT-A
(niPGT-A) focuses on the use of spent
blastocyst media (SBM), whereas
miPGT-A uses blastocoel fluid (BF). As
can be seen in Figure 1 (A), (B), and
(C), these different methods involve
varying procedures for embryo sam-
pling. Noninvasive embryo assessment
efforts first became public knowledge
in 2013, when a group published their
findings from obtaining genetic infor-
mation in embryonic spent culture me-
dia instead of an embryo biopsy (1).

Because of this breakthrough approach,
there has been a flurry of research on
this topic. Investigations have ranged
from studying the culture media of em-
bryos to the fluid inside the blastocoel,
all in an attempt to find a reliable
source of DNA without the need to bi-
opsy the embryo. Many recent studies
have focused on this technology with
conflicting conclusions, with some
showing its promise, although others
showcase its difficulties.

Since the inception of PGT-A,
concerns regarding the ramifications
of embryo biopsy have been raised.
As with any technology, PGT-A tech-
niques continue to evolve in an effort
to optimize the procedure and miti-
gate risk. The current standard for
sampling involves a blastocyst biopsy
on days 5, 6, or 7 that removes an

average of five cells, whereas prior
techniques included a day 3 embryo
biopsy with the removal of only one
cell.

Practitioners, embryologists, scien-
tists, and patients alike have voiced
concern that this removal of actively
growing cells from an embryo may
create more risk than the ostensible
reward of knowing the chromosomal
makeup of that embryo (2, 3). Although
some clinicians remain divided on this,
there are many who accept the small
risk of embryo biopsy and pursue PGT-
A and other embryonic tests. There is
great interest across the board, both
from those for and against biopsy, in a
reliable test process that would give
the patient and provider the same
information possible from a biopsy
without the risk (2).

The challenges associated with es-
tablishing a noninvasive and miPGT-
A technique, in addition to confirm-
ing concordance between samples
compared with the TE biopsy, lie in
the DNA source and protocol changes
necessary to support this technique.
The DNA collected using SBM is frag-
mented and typically in low
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concentration (approximately 8% of the culture medium
contains embryonic DNA) (4). To accommodate changes
in PGT-A, standard embryology protocols may or may
not require alteration as well. This includes, but is not
limited to, consideration of physical steps like embryo
hatching and potential complications such as the admixture
of maternal DNA in the sample (4).

Because the culture medium is the liquid in which the em-
bryo will grow during its important first days of development,
this complex solution has an important role to play. This role
becomes increasingly important when the DNA shed within it
is used for chromosome analysis. Ideally, this culture medium
enhances the environment for the developing embryo, pro-
ducing an optimal outcome. Studies have shown that the
choice of media can have a long-range effect, impacting pa-
rameters such as fetal growth and birth weight. This may be
because of the effect the media has on gene expression for
factors such as apoptosis, protein degradation, metabolism,
and cell cycle regulation (5). It is therefore conceivable that
the media may have also an impact on cell-free DNA avail-
ability. In addition to the composition of the media, the
amount of time the embryo is exposed to the media has
been the subject of many studies (6). Currently, both two-
step (sequential) media systems and one-step media systems
exist. In a sequential process, the media are changed before
transfer and cryopreservation, whereas in a one-step media
system, the embryo remains in the same fluid for the duration
of the culture. Currently, the impact each system could have
on noninvasive and miPGT-A is unclear.

Because the development of noninvasive PGT-A con-
tinues, a valuable experimental goal is to answer the question,
‘‘How do we know that the results are good enough?’’ Gener-
ally accepted answers to this question have to do with how
well the new test and its results match a current well-accepted
test, in this case, the invasive PGT-A. There are multiple ways
to compare concordance, including the following: (1) which
test has a higher accuracy; (2) is there a subset of the new
test that performs as well as the previous test; and (3) what
is the sensitivity and specificity (7). For niPGT-A, these pa-
rameters are still being discussed.

Another aspect of this consideration is the difference be-
tween general concordance and full concordance. In the
studies cited, ‘‘general concordance’’ refers to the overall
embryo result (euploid vs. aneuploid), i.e., PGT-A shows
aneuploid and niPGT-A shows aneuploid. Full concordance
not only requires general concordance but also the matching
of specific chromosomal results. For example, an aneuploid
embryo showing trisomy 5 on both platforms.

Perhaps the largest hurdle for commercially successful
noninvasive PGT-A is being able to get results reliably and
repeatedly from the culture medium that are as representative
of the embryo as a TE biopsy. The general theory about testing
spent biopsy media is that the embryo, as it grows, sheds DNA
into the media. Although we do not know the source of the
DNA, apoptotic and necrotic mechanisms may play a role in
the release of fragmented DNA into the SBM (8). As Hammond
et al. (8) state, hypotheses have ranged from those that believe
the DNA being shed matches that of the embryo to the belief
that the shed DNA is ‘‘abnormal’’ and that the embryo is dis-
carding it.

This discussion highlights early investigations demon-
strating a limited correlation between the embryobiopsy results
and those from the culture media. A summary of the recent
research conducted on this topic can be seen in Table 1. It is
important to note that the currently published concordance
rates are not near the accuracy available currently from the
gold standard of invasive PGT-A. Some easily comparable
data, such as embryo sex, have been the focus of articles
because it provides a logical place to compare the two different
methods (9). In theory, the chromosomal sex of an embryo
should be easy to decipher. Starting as early as fertilization,
an embryo that is 46XX should not have a Y chromosome pre-
sent at any point in the development process. Although these
studies show overlap and some concordance between the sexes
of embryos from both DNA sources, the lack of complete
concordancealso leads tomorequestions regarding the compo-
sition of the DNA that is shed into the culture medium (9, 10).

Despite the growing interest in the use of SBM for niPGT-
A, there are studies that focus on its challenges rather than its
successes. Hanson et al. (11) have shown no evidence of a

FIGURE 1

(A) Trophectoderm biopsy for traditional PGT-A. (B) Blastocoel fluid biopsy for minimally invasive PGT-A. (C) Spent culture media. PGT-A ¼
preimplantation genetic testing for aneuploidy.
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correlation between biopsy-based PGT-A and SBM-based
niPGT-A. This, of course, confounds the potential efficacy
of this testing technique and whether it may be a good option
for patient care in the future.

A significant variable in the study of embryo spent cul-
ture media is that there is no standardized approach to DNA
collection from the media. Although studies are trying to
determine concordance, they are also trying to determine an
efficient protocol. Length of time in culture, single vs.
co-culture, amount of media, and even collection protocol
for the media itself are all under review. Some investigational
approaches ask a participating study laboratory to change
their existing embryo culture protocol. This creates more vari-
ables on the laboratory side of this process compared with
their standard, internally validated approach. These consider-
ations lead to many proposed techniques, vastly increasing
the difficulty of the original task, the evaluation of noninva-
sive PGT-A (12).

Blastocoel fluid, which is being also investigated as a po-
tential material source for PGT-A, is a fluid that accumulates
in the blastocoel cavity. The possibility of using BF as a
replacement for TE biopsy has been shown to be worth
exploring (1, 6). The gathering of BF involves a needle aspira-

tion of the fluid within the blastocoel cavity rather than an
embryo biopsy. The leading hypothesis is that there is DNA
shed into this cavity, and it may be more representative of
the embryo than that shed into the culture medium (1).
Because of the use of the needle, which is meant to be inserted
between cell junctions into the blastocoel cavity, this method
may still be considered invasive, although it is seemingly well
tolerated by the embryo (2). Fragments of DNA shed from the
embryo and accumulating in this fluid result in a possible
sample for PGT-A testing. The concordance rate between TE
biopsy and BF has varied in recent articles, the most prom-
ising of which was reported by Gianaroli et al. (12). This study
found a 97.4% concordance rate, the highest figure reported
on the topic. These results differ from those of the spent cul-
ture medium, which is collected after the embryo has been
removed from themedium and is truly noninvasive. However,
studies on the BF have shown interesting results, ranging
from an almost total lack of concordance with TE PGT-A to
a significant correlation (13, 14). Various explanations for
the wide range of concordance values for this methodology
exist, including DNA source ambiguity.

A third approach to noninvasive testing is a combination
of spent culture media and BF. There is increased power for

TABLE 1

Studies providing result concordance rates between trophectoderm biopsy and noninvasive sampling.

Manipulation
before collection Study Culture time Manipulation details

General
concordance (%)

None
Galluzzi et al.15 (2015) D0–D3 (3 d) - 1/2 (50)

D3–D5/6 (2–3 d) - 2/2 (100)
D3–D5/6 (2–3 d) - 5/5 (100)

Liu et al.16 2017 D0–D5 (5 d) - 26/31 (83.9)
Capalbo et al.17 (2018) D1–D5 or D3–D5 (2–4 d) - 27/72 (37.5)
Rubio et al.6 (2019) D4–D5 (1 day) - 17/27 (63)

D4–D6/7 (2–3 d) 68/81 (84)
Rubio et al.6 (2019) D4–D6/7 (2–3 d) - 866/1108 (78.2)
Chen et al.18 (2021) D3–5/6 (2–3 d) - 190/256 (74.2)
Xie et al.19 (2022) D4–D5/6 - 111/147 (75)
Ho et al.20 (2018) D1–D5 (4 d) - 10/12 (83.3)

Assisted hatching
Shamonki et al.21 (2016) D3–D5/6 (2–3 d) Assisted Hatching 2/2 (100)
Feichtinger et al.22 (2017) D0–D5 (5 d) Assisted Hatching 13/18 (72.2)
Vera-Rodriguez et al.23 (2018) D3–D5 (2 d) Assisted Hatching 17/56 (30.4)
Yeung et al.24 (2019) D3–D5 (2 d) Assisted Hatching on day 3 38/50 (76)

D3–D6 (3 d) Assisted Hatching on day 3 47/66 (71.2)
Lledo et al.25(2020) D3–D5/6 (2–3 d) Assisted Hatching on day 3 62/83 (74.6)

60/83 (72.3)
Hanson et al.11 (2021) D5/6/7 (1–2 d) Assisted Hatching on day 3 62/104 (59.6)
Lei et al.26 (2022) D3–D5/6 (2–3 d) Assisted Hatching on day 3 76/111 (68.5)
Ho et al.20 (2018) D1–D5 (4 d) Assisted Hatching on day 3 16/28 (57.1)
Kuznyetsov et al.4 (2020) D4–D5/6 (1–2 d) Assisted Hatching on day 4 88/90 (97.8)

Assisted hatching
plus vitrification

Huang et al.2 (2019) D5–D6 (1 day)
D6–D7 (1 day)

Assisted Hatching on day 3
plus day 5/6 Vitrification

41/46 (89.1)

Vitrification
Xu et al.27 (2016) D3–D5 (2 d) Vitrification 36/42 (85.7)

Blastocoel collapse
Kuznyetsov et al.28 (2018) D5–D6 (1 day) Double Blastocoel Collapse 27/28 (96.4)

Abbreviation: D ¼ day.
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analysis when combining SBM and BF. Kuznyetsov et al. (4)
report a 97.8% concordance between this miPGT-A technique
and TE biopsy. This is an encouraging result for both patients
and providers. It remains to be seen whether the effort
required for a two-step embryonic DNA evaluation would
be logistically feasible, at scale, for a busy embryology
laboratory.

As can be seen in Table 1, study data has varied since
2015. In the ongoing studies on this topic, general concor-
dance across all methodologies has not yet been shown to
be at a level necessary to warrant a change in the gold stan-
dard of testing. General concordance rates in comparison with
biopsy-based PGT-A are promising, but it is clear that addi-
tional research and understanding are needed before adopting
noninvasive and miPGT-A as a mainstream, trusted tool with
strong clinical utility.

Considerations for bringing a product to market are wide-
ranging. There are patient, client, and financial decisions at
stake. At this time, there are commercially available, nonin-
vasive PGT-A options for providers to use for their patients.
Although some clinicians have adopted these into their prac-
tice, it is likely that many providers believe that this technol-
ogy is not yet ready for ‘‘prime time.’’ Those who offer this test
to patients do so either for all of their patients as a standard
practice or for those whose embryos may be at greater risk
of degradation because of embryo biopsy. In either case, fully
educating patients regarding the choices before them ensures
that patient autonomy is prioritized.

With PGT-A testing in general, genetic counseling plays a
pivotal role in patient care. Without proper discussion and
informed decision making, the utility of chromosomal
screening for embryos falters. Because conversations such
as mosaic embryo transfers and aneuploidy risks become
more complex, so does the potential for use of these results.
The application of these newer PGT-A sampling options in
combination with genetic counseling will allow for broader
information for patients and the fertility field, ideally without
increased risks.

Ongoing research is promising on the topic of alternative
methods to invasive biopsy for PGT-A, but as these investiga-
tions continue, it is pivotal to clarify its utility compared with
the widely accepted traditional embryo biopsy. In the future,
should noninvasive and minimally invasive methods prove to
be good or better than traditional embryo biopsy, thoughtful
and intentional changes will be required throughout the
in vitro fertilization care process. This systematic review has
shed light on the potential paths forward with these technol-
ogies and indicated what research may be needed to further
the advancement toward noninvasive options for PGT-A.
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