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Should we forget about embryos till day 5?
Fernando Bronet and David Agudo

Purpose of review
To find the way of having more and better blastocyst is essential. How to culture embryos up to blastocyst
stage remains critical.
Recent findings
Several studies show how a blastocyst score can predict the implantation potential. If that score is enough
to choose the best blastocyst, as culture conditions would not be affected in these days, we would not need
to check early cleavage embryos, even it could be better for the embryo development.
Summary
The item that should be discussed is if it is better to evaluate or not embryos at early cleavage stages.
If we do not check embryos on days 2 and 3, we should change our way to work and how to culture those
embryos. First step would be to perform all embryo transfers on day 5 or 6. If we let embryos grow to
blastocyst without any morphology evaluation, we should adapt several steps in our laboratory, for example
we should move to a single-step culture medium or we should not do assisted hatching on day 3 embryos.
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INTRODUCTION
On the basis of bibliography of the last years, there is
a trend toward blastocyst transfer rather than cleavage embryo transfer. There are several studies that
point out that blastocyst transfer could achieves
better results [1 ]. Culture media is one of the most
important factors in in-vitro fertilization (IVF); it
can affect live birth rate, pregnancy rate, implantation rate, fertilization rate and the number of good
quality embryos. Embryos cultured in vitro may be
exposed to constant stress. Suboptimal culture conditions force the embryo to undergo adaptations,
and thus cause lower pregnancy and higher miscarriage rates. Embryo culture can be performed
sequentially with change to a medium with a different composition proposed to follow the embryo’s
physiological needs, or single-step media with
refreshment, without change of the medium composition; or even, single-step media without any
refreshment for uninterrupted embryo culture,
especially for applications like time-lapse microscopy [2] or even limiting the embryo evaluation
only to fertilization and blastocyst stage. If blastocyst score can predict implantation likelihood better
than cleavage embryo score, we could avoid disturbing the embryos by checking their morphology on
days 2 and 3 and keep stable the culture conditions
up to day 5. Then, we could pick the best blastocyst
according to their morphology. However, there are
&

still some questions that should be discussed, the
first one could be: should we transfer embryos
always at blastocyst stage? And if we do that, we
should change how to work and how to culture
those embryos. There are some more questions that
remain important and should be answered: should
we let embryos grow to blastocyst without any
morphology evaluation? If yes, how should we do
it? Should we move all to a single-step culture
medium? Should we do assisted hatching on day
3 embryos that will be helpful in biopsy on
blastocyst stage?

SHOULD ALL THE EMBRYO TRANSFERS
BE PERFORMED ON BLASTOCYST
STAGE?
The last review performed by The Cochrane database
where timing of embryo transfer has been studied
concludes that live birth rate and clinical pregnancy
rate in a fresh blastocyst transfer are higher than in a
fresh cleavage stage embryo transfer [1 ]. According
&
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KEY POINTS
" Clinical outcome in blastocyst stage seems to be higher
than in cleavage stage embryo.
" Checking embryos on day 3 helps us to choose
between two similar blastocysts; however, when
embryos have been evaluated on day 3, there is less
agreement between embryologists in order to choose
embryos for transfer.
" Checking embryos on day 3 is mandatory when
assisted hatching is performed.
" Single-step media allow us culture up blastocyst stage;
however, ammonia concentration could be higher.

to this information, we should consider blastocyst
stage transfer like the best choice to get pregnant. In
this review, 27 parallel-design randomized control
trials were included (4031 participants), four more
than in the last review [3]. Several parameters have
been included in the review: live birth rate, cumulative pregnancy rate, multiple pregnancy rates,
miscarriage rate and failure rate to transfer embryos.
After the analysis of all articles, the review concludes
that blastocyst stage transfer achieves higher clinical
outcome; however, there is low-quality evidence for
live birth and moderate-quality evidence for clinical
pregnancy that blastocyst stage transfer is associated
with higher rates than cleavage stage transfer. We
have to take into consideration that three of the
studies were published more than 10 years ago, and
there have been important changes over this time.
Obstetric and perinatal outcomes are also important factors that have to be taken into account. As far
as we know, the most recent published study (at this
time), which includes 318 live births, shows no
increased risk of obstetric or perinatal complication
in pregnancies resulting from single blastocyst transfers compared with single cleavage embryo transfers
[4]. In the same year in a previous review, which
involves 12 observational studies with 195,325
singleton pregnancies, the authors conclude that as
there is a low quality of available evidence, more large
well-conducted studies are needed to clarify the
potential risks and benefits of blastocyst transfer
[5]. Regarding perinatal outcome, there is an important parameter to consider, oxygen concentration;
most of the perinatal outcome studies when blastocyst is transferred have been done in clinics with
oxygen atmospheric concentration (!20%) and it
has been documented that it can predispose embryos
to be cellular stressed [6].
Taken into account all this information, we
could think that if we have all the requirements
2
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that are needed, we can achieve higher outcome
rates by transferring blastocyst stage embryos. However, there is another nonanswered question: what
are the real epigenetic effects in an extended culture? Is it possible that all necessary steps in assisted
reproductive technology (ART) as part of the treatment of infertility can influence the epigenetic programming during early development [7]. We still
need more deeper studies to understand it.

TO CHECK OR NOT TO CHECK EMBRYOS
ON DAY 3
There is a lack of randomized controlled trials comparing clinical outcomes of embryos that have been
evaluated during all culture days versus embryos
without any evaluation up to blastocyst stage. With
no data, it is difficult to make a decision, but if we
decide that culture up to blastocyst stage is the best
option now, then we have to find the best way to
do it. Checking embryo morphology at days 2 and 3
means open the incubator and disturb culture conditions. If we believe that the best morphological
blastocyst can achieve the highest implantation
potential, then we should avoid any factor that
can modify the environment where the embryo is
growing. However, this is not so easy.
It is quite often to find two similar blastocysts, in
terms of morphological quality, and the decision of
which one has the highest likelihood to implant it
is not clear. We can find more information of the
embryo that can help us by looking back on embryos
development on days 2 and 3, and depending on the
morphology on those days we can choose the one
that had better cleavage. Indeed, by adding information from other days, we could choose between
two similar blastocysts. This means that it is necessary to open the incubator and how does it affect the
embryo is difficult to know. However, in a recent
study, authors found that when we evaluated
embryos on day 3 for blastocyst embryo transfer,
there seems to be less agreement between embryologists in order to choose embryos for transfer on
blastocyst stage, although it is unclear whether this
disagreement affects clinical outcomes, and in what
sense [8].
Even if we have blastocyst with different
morphologies and we think that the choice is easy,
we have to take into account a recent study where
authors found that morphology does not add or
change their relationship model with the implantation potential [9]. In this study, time lapse system
was used to evaluate morphokinetic parameters,
with these data the authors found that the prediction of blastocyst formation, using a predictive
model based on early morphokinetic parameters,
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does not correlate with implantation rate and they
built a new predictive model for implantation
potential, using later kinetic parameters (t8–t5
and time for expansion blastocyst). Taken into consideration this result, if we decide to check early
cleavage embryos, we should consider that we are
focused on some parameters that do not have the
best relationship with implantation rate; and probably, we should change the important time points to
evaluate in order to identify the embryo with the
highest implantation potential.
Group culture has been proposed like an option to
let embryos reach blastocyst stage and then evaluate
each one. Group culture of embryos in a small volume
could improve development, potentially through
secretion of autocrine/paracrine factors. Embryos
can communicate through paracrine biomolecules
that have been suggested to affect embryo homeostasis and growth. In 2010, Ebner et al. [10] published
results from a prospective randomized comparison of
single embryo culture and group culture on blastulation, implantation and pregnancy rates. Group culture was shown to be superior in terms of compaction
and blastulation rates and blastocyst quality as compared to individual culture. A tendency toward a
higher cumulative clinical pregnancy and live birth
rates was also observed. Although some authors did
not observe any differences in IVF outcomes in
patients having their embryos either cultivated individually or in groups [11], others demonstrated a
significant increase in blastocyst developmental rate
when embryos were grouped on day 3 based on the
quality [12], although the embryo culture may be
performed more advisable at the single embryo level
to avoid the negative influence of degenerating
embryos in contact with viable embryos.
A special case would be the patients who
undergo preimplantation genetic diagnosis or chromosomal comprehensive screening. If the biopsy
will be done on blastocyst stage and only euploid
blastocyst will be transferred, then we should not
need to check cleavage embryos and we will just
need to culture up to blastocyst stage and evaluate
what embryos can be biopsied. However, most of the
clinics that perform blastocyst biopsy usually do an
artificial shrinkage of the Zona Pellucida, to do that
is mandatory to take the embryos out the incubator
on day 3, so if we open the incubator and going to
disturb that embryo, we can evaluate the embryo
without spending too much time.

success of ART treatment. There has been much
controversy about the most appropriate embryo
culture medium or culture system, although a
single-step medium does not mimic the in-vivo
changes an embryo would experience as it moves
through the oviduct to the uterus, any metabolic
stress is potentially balanced by the absence of disruptions to the in-vitro environment and elimination of physical manipulation [13]. Sequential
media were developed to mimic the changing
environment that the embryo experiences and also
its changing metabolic requirements [14]. Therefore, to use sequential media, it is necessary to
remove the culture dish containing the embryos
from the incubator and physically move the
embryos into the second-phase culture medium. A
current alternative strategy is to culture the embryo
in a single medium that has been optimized to cover
the metabolic needs of the embryo during culture.
The advantages and disadvantages of sequential
media and single-step media have been discussed
[14,15], and there is a long debate about how to
choose the best culture conditions and medium
[2,13,16,15,17 ]. However, there is no clear evidence of which type of media will support embryo
development in a better way, and which culture
conditions are the most appropriate. One of the
disadvantages of those continuous single-step
media might be the accumulation of toxins, including ammonium [16]. Especially during the cleavage
stage, embryos are vulnerable to ammonium in
culture media, and can also negatively affect blastocyst formation. The main sources of ammonium
are unstable glutamine and the protein supplement,
it is known that amino acids, especially free
L-glutamine, spontaneously break-down into
ammonium during incubation at 378C and result
in the altered expression of close to 400 genes
involved in metabolism, cell growth and/or maintenance, transcription, cell communication, transport, development and regulation of transcription.
The break-down of these components into
ammonium is more pronounced during incubation
at 378C; however, it is not negligible during storage
at 2–88C. This results in an increase in ammonium
levels in these media over time [18]. Apart from
amino acids, other factors, such as the protein
supplementation, might contribute to the ammonium accumulation during culture [19]. There could
be big differences in ammonium accumulation
among different media, and it seems that it could
be lower in single-step media [17 ,20]. In fact, it has
been observed an increased rate of blastocyst formation following culture in single medium, particularly if the medium is used in a two-step fashion with
renewal on day 3 [21]. However, a recent study
&&

&&

HOW MUCH IMPORTANT TOXICS
CONCENTRATION IS?
An optimal embryo culture medium is important
for embryonic development and subsequently the
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performed with a time lapse system [22] found the
same clinical outcomes (clinical pregnancy rate,
implantation rate and live birth rate) when it compared embryo culture with or without renewal of the
medium on day 3.

WHAT IF WE COMBINE SEVERAL
TECHNIQUES?
Currently, there are a lot of devices and technologies
that are available in the market and can be used. In
the last years, time lapse systems have been used in
IVF laboratories to identify the optimal cleavage
behavior of the embryos and to find a relationship
between these morphokinetic parameters and the
implantation potential. Time lapse systems allow us
to study the embryos without opening the incubator. One of the main advantages of the uninterrupted culture is that it minimizes changes of the
in-vitro culture environment by eliminating the
need to remove the embryos from the incubator.
In fact, reducing the number of incubator door
openings and increasing the stability of the culture
environment are likely to improve embryo development in itself. The benefits of a successful continuous single-medium protocol in a time lapse
incubator could include additional practical advantages offered by this protocol, including to avoid
movement between culture drops, pipetting, which
can cause an increase in stress factors in embryos, in
addition each manipulation also increases the
chance of accidents, contaminations and embryo
loss. Also, decreased embryonic stress, including
temperature changes and pH fluctuations or even
a reduction in the cost of materials used than when a
two-step protocol is used [22]. However, the uninterrupted protocol may be more susceptible to the
volatile organic compound levels and to the
environmental culture conditions, so its application
should be limited to certain IVF laboratories. We
could find one key by using this system; we could let
the embryo up to blastocyst stage and have the
information of their cleavage behavior so that we
could choose better. Recently, it has been shown
that combining morphological examination
through time lapse imaging and oxygen consumption measurements allowed knowledge on the
developmental competence of the embryo to be
gained, eventually identifying more complete selection criteria for embryo selection before transfer
[23], giving relevance to morphokinetic parameters
which take place in the early stages of embryo
development, which is faced with the slope of not
evaluating the embryos until blastocyst stage. Moreover, good quality blastocyst could be aneuploid
embryos and end in an implant failure or in a
4
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miscarriage. Time lapse technology could help us
to identify the blastocyst with the highest likelihood
of being euploid embryo [24,25].
Another approach could be the use of microfluidic technology. Embryos are still mostly cultured
in groups, in large amounts of medium and mostly
under static conditions. In terms of dynamic culture, medium with a constant composition has been
perfused continuously or in bursts, whereas some invitro culture protocols require a single change in the
medium composition on day 3 [26], with the consequent opening of the incubator and the handing
of the embryos. This change of culture medium and
embryo handing can be used to evaluate the
embryos on day 3 without an extra opening of
the incubator. Interestingly, using microfluidic
technology, this change could be accomplished
gradually including, if necessary, a pH adaption
due to medium requirements, as happens in vivo,
to closely follow the developmental stages of the
embryo without incubator openings and maintaining immutable the embryo culture conditions. This
could mean the end of the embryo evaluation on
days 2 and 3, if not for the incorporation of timelapse technology as a complement of microfluidic
technology. Although for the moment, the main
niche for microfluidic technology in the field of ART
in the next coming years is for basic research [27 ].
&

CONCLUSION
Published data suggest that blastocyst stage has the
highest clinical outcomes. If culture up to blastocyst
stage is the chosen decision, not to check cleavage
embryos seems to be beneficial for the embryos;
however, it is not possible in all cases. There is
insufficient evidence to recommend either sequential or single-step media as being superior for the
culture of embryos to blastocyst stage, and if one
clinic achieves better results with a sequential
medium, to take embryos out the incubator is mandatory. Assisted hatching on day 3 implies to work
out of the incubator too. Currently, one of the best
approaches to not disturb culture conditions and
culture embryos up to blastocyst stage could be the
use of time lapse systems, and we can keep follow
the whole development process without taking
embryos out the incubator, and even identify the
one with highest implantation potential between
two similar morphological blastocysts. This way,
incubators that include time-lapse system represent
a very good tool in order to not disturb the embryos
during the culture.
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