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Abstract. There are numerous reports on embryo culture
media and conditions in the laboratory, as the subject is
multifaceted and complex, reflecting the variation in
practice. In this scoping review, we attempt to approach the
topic of culture media and conditions from the practitioners’
perspective aiming to highlight, in a comprehensive fashion,
important aspects regarding the options available, introduce
points of debate and controversy, while maintaining the
viewpoint of the practicing embryologist’s concerns.

It has been suggested by numerous studies that the culture
media employed during in vitro fertilization (IVF) cycles can
influence implantation as well as pregnancy rates due to their
effect on embryo quality (1-3). More evidence supporting
this hypothesis has emerged. However, the connection
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between medium composition and outcomes of IVF is still
under investigation (4-8). A main reason why IVF results
have improved in recent decades is considered to be the
evolution of embryo culture systems.

There has been an enormous contribution from studies
conducted on mammals in the past 50 years. Defining the
optimal embryo culture medium historically started from an
effort to mimic the composition of tubal fluid (9). The strides
achieved since include considerations of the precise
metabolic requirements as well as the medium’s influence on
gene expression, from the oocyte to the blastocyst. One of
the main considerations is that media are being designed
based on research of animal models, subsequently leading to
question being asked about their true effect on human
embryology (10). Commercially available media are tested
based on mouse embryo performance (11, 12). In vivo,
human embryos survive and adjust to a range of variable
conditions provided by the mother during the gestational
period. As the variation among commercial media designed
for human embryo use is extensive, it is understandable why
the ‘perfect’ culture media composition mirroring the in vivo
exposure and support has not yet been manufactured.

Key Considerations Regarding Culture Media
Media were first produced in-house with limited quality
control, now they are commercially and widely available

containing nutrients, vitamins and growth factors and strictly
produced by manufacturers who follow specific quality
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standards (13, 14). Although commercially available media
have been widely used by embryologists, the production of
in-house synthetic sequential media offers some unique
advantages (15). Conducting an effective quality control is
realistic, allowing the laboratory to abide by a strict protocol
of choice. Adding or removing specific components is
possible and finally, the IVF program is totally independent
and capable of accommodating unexpected situations, such
as a sudden influx of an increased number of IVF patients.
However, the variation between different batches of in-house
media is a major issue to be addressed (13, 16, 17).

Despite the long-lasting debate regarding the use of
commercial media versus in-house produced sequential
media, in practice this dilemma has been resolved in favor
of continuous commercially made single media. However,
revisiting the synthetic in-house option, it seems that certain
advantages could still be offered. A study performed by Yoon
et al. showed that there was no significant difference
between the in-house sequential media and the commercially
available ones that were tested regarding implantation rates,
pregnancy and the proportion of cycles with cryopreservation
(15). However, the practical matters on producing in-house
media still stand and therefore it represents as an unrealistic
option for IVF laboratories of today to choose and invest in
in-house media rather than the commercially available ones,
with the security of testing and certification provided.

The question of sequential versus single-step medium
culture has challenged embryologists in recent years.
Nevertheless, without solid evidence wholly supporting
either option, it is a choice every laboratory should make
according to its needs. In a sequential system, one type of
medium is used until day 3 of development and this medium
is then replaced by one with a different composition until
day 5-6. In contrast, the single culture system only requires
the use of one type of medium throughout the entire culture
process (18). The latter has been proposed as possibly being
beneficial since it allows embryos to regulate their own
microenvironment, while simultaneously it facilitates
workload by removing an extra step in the culture process
(19). The option of accommodating single medium culture
by renewing it on day 3 should also be noted (20). There is
a trend for going back to the original concept in improved
versions of continuous culture media, represented by one-
step media, a common practice within the IVF set-up.
However, opposing arguments remain as the complete
understanding of the metabolic profile of the human embryo
and its needs is still an ongoing process and the answers
defining synthesis of commercial media originate from non-
human embryo culture.

Most of the media produced by manufactures are CE
(European Conformity) and MEA (Mouse Embryo Assay)
marked. CE marking is accompanied by full disclosure of the
medium’s precise composition, an assessment of its quality,

452

post-market surveillance, systems for reporting and
examining adverse incidents, and traceability (21). On the
other hand, MEA marking is indicative of successful testing
for =80% of mouse embryo development to blastocyst stage
(22, 23) and has been widely criticized as it basically only
reassures against toxicity issues rather than compatibility
with human embryo development (21, 24-26). However, the
actual number of embryos is not reported which may raise
an issue regarding the validity of the results reported. For
every batch of culture medium available, a certificate of
analysis is provided, if requested, or can even be found
online. Nevertheless, even when it comes to simple aspects
of practices and protocols suggested for embryo culture,
companies have agreed to disagree on what the optimal
practice worth adopting is, as Vajta et al. have stated (19).
This fact could potentially act as a compromising factor for
IVF laboratory practice. For instance, the culture may not
solely rely on media from a single company but rather
employ media formulated by two or more different
companies, which may be a usual practice especially
regarding various stages throughout the culture. For example,
employing media from a specific company for the
procedures involved until the fertilization check, and from
another company for the procedures involved until the
culture stage, might be a practice that requires further
investigation. There are still reports to be published on cycle
results comparing media from one company for all
procedures during the IVF cycle to media from different
companies employed at various stages during culture. This
results in great difficulty for any assessment regarding the
potential impact for cases where combining media of
different commercial origins for different steps of the IVF
cycle is a standard practice. Besides the importance of the
components listed in culture media, another aspect to take
into consideration is the interactions among them, the impact
of which on human embryo viability is unknown (27).
There is a limited number of companies providing culture
media to the global IVF market. A detailed description of the
components of those media is not always disclosed by the
companies. Even though the main components of most
commercial culture media are known, the definitive
composition is complex including components such as
growth factors, amino acids, serum supplements, salts,
antibiotics, energy substrates, vitamins, buffer solutions,
nucleotides, as well as trace elements and nuclease
inhibitors, all at an undefined concentration (28, 29). One of
the main issues is the fact that the concentrations are
unknown and may vary considerably, highlighting the
diversity of the culture environment and subsequently the
varied conditions that the embryos are exposed to. Further
investigations should focus on outcomes from different IVF
laboratories employing different culture media. Such a
defined approach would be welcomed by the scientific
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community of clinical embryologists. Meta-analyses on these
data could assist towards highlighting differences. This is a
possibility that could be worth exploring.

It has been reported that commercial culture media can
affect the perinatal outcome, such as gestational age and
birthweight (30). Animal studies have stated that specific
components of culture media are linked to abnormal fetal
growth (31, 32). On the other hand, there is contradicory
evidence in regards to neonatal birth weight and culture
media effects in humans. Dumoulin e al. reported that use
of certain commercial culture media is significantly
correlated with increased birth weight compared to other
media (4), which has further been confirmed (5). However,
others report no association between particular culture media
and neonatal birthweight (29, 33-35). An overall statement
is that the nutritional composition of the culture medium has
an impact on early embryonic development. Based on
principles of reproductive physiology, it has been proposed
that maternal nutrition affects birth weight as well as
metabolic and cardiovascular health (36, 37). The hypothesis
that the composition of culture media is so crucial that it
could possibly even affect offspring health may stem from
that very fact.

Albeit a challenging practice, tighter regulation regarding
the use of IVF culture media is required, especially when
there is no legal binding for manufacturers to disclose an
exact and all-inclusive report of a medium’s composition.
This should change in the future, as the lack of knowledge
regarding the concentration of bioactive compounds may
result in ineffective evaluation of potential risks.

Data regarding fertilization rate, embryo quality,
implantation, pregnancy and live birth rates have to be
closely evaluated and examined. A protocol for conducting
follow-ups in regards to offspring health could be established
at every IVF unit and be incorporated as an important
quality-control marker. There is indisputably a risk for
human embryos in the laboratory. Changing the composition
of culture media should be performed after weighing and
assessing risks and potential benefits. Another approach in
theory to avoid risks related to culture media exposure could
be shortening the period of in vitro culture. This could
reduce the risk for the embryos at least in theory. However,
this theoretical risk may be heightened in light of the
growing practice of blastocyst culture, even though in
practice, prolonged culture to the blastocyst stage is related
to higher success rates (38). These favorable results
associated with blastocyst culture are indisputable proof of
the major developments in culture conditions, along with the
concurrent improvement of commercially available culture
medium formulations. In view of the variations in practice
from protocols, to types of culture, to media availability from
various companies enabling different approaches, a common
universal approach promising optimal results is not realistic

nor attainable for the practicing embryologist. Perhaps the
consensus should focus on embracing the different options.
To strengthen this approach, results and follow-up on the
laboratory success rates extending to clinical data should be
carefully monitored and analyzed for every practice.
Extrapolating on the above, an overall statement could be
that key performance indicators and success rates coupled
with pediatric data should be recorded and examined to
shape the optimal protocols for each practicing IVF
laboratory.

Principal Elements of Culture Media

Concentrating on culture media translates into analyzing
basic aspects such as medium components, the conditions
they are exposed to, and the biochemistry regarding their
optimal performance in the laboratory. The addition of select
amino acids, glucose, phosphatase, insulin, trace elements,
and antibiotics are some of the numerous factors aiming to
serve as ‘protectors’ and ‘promoters’ enriching the potential
of culture media (27). The following section refers to certain
components that have managed to raise controversy and
debate within the world of assisted reproductive technology
(ART) with respect to the justification behind winning and
securing their place in media formulations.

One of the basic components in culture media reportedly
included to promote human embryo development are peptide
growth factors. The matter of whether growth factors should
be employed in routine IVF practice has already been raised
(39). The possible detriments of enriching culture media with
‘promising’ elements should always be considered. In the
attempt to fully examine the pathways that growth factors act
on during embryo development, it has been revealed that the
addition of specific growth factors affects gene expression at
the blastocyst stage. Specifically, it was suggested that they
affect gene expression while presenting unexpected effects
when interacting with each other in the culture medium (40).
One well-known effect that has translated into a disadvantage
is the ability of growth factors to block apoptosis (41).
Apoptosis serves a great role by eradicating genetically
abnormal cells during embryo development, hence blocking
this process by adding growth factors could be damaging.
When additions to the basic medium formulation come along
with a promising but controversial profile, every effort should
be made to effectively weigh the pros and cons and make an
informed decision. The appeal of better results alone is
certainly not enough to act as the driver in making such
decisions regarding medium formulation.

Another crucial medium element is the protein source. The
most commonly used protein source in media for human
embryo culture is albumin. It is a source of hormones,
energy, vitamins, and various other factors, while it
maintains pH buffer function, membrane stabilization,
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osmotic pressure and scavenging of toxic substances. Finally,
it prevents embryos from adhering to the culture dish (42).
Regarding humans, the effect of protein source/human serum
albumin was first investigated by Zhu et al., who concluded
that the protein source affected birthweight in humans (30).
None of the previous studies had ever confirmed such a
hypothesis, partially due to the selection of other culture
media used in other research explaining those discrepancies.
Furthermore, still light needs to be shed in order to
determine which protein source is the safest for human
culture without negatively affecting the embryo.

Addition of hyaluronic acid, on the other hand, is an
intervention originating from the fact that depending on the
day of the cycle, this component is present in the
endometrium (43), and its receptors have also been detected
in the preimplantation embryo (44, 45). This type of enriched
culture medium has been suggested not to provide any major
benefits on IVF outcome. According to Fancsovits et al., the
addition of hyaluronic acid did not have any beneficial effect
on the pregnancy nor the implantation or the delivery rates.
However, they reported higher birth weight when hyaluronic
acid was used at high concentration (42).

The question still remains with respect to the bioethics of
employing factors in the set-up of embryo culture. These
improving factors may on one hand present appealing
improvements regarding development, but on the other hand
they may cast a shadow with respect to the overall
consequence on embryonic identity and its expression. It is,
therefore, critical to select carefully and be aware of full
media constitution so that the IVF laboratory can make an
informed decision.

The Consensus on Incubator Use

Incubators are without a doubt one of the most important
pieces of equipment in the laboratory, monitoring the
environment and accommodating the embryos for their in
vitro life. The present variety of incubators available
featuring numerous characteristics and means of controlling
their internal environment is due to technological advances
initiated by the continuous enhancement of the IVF scientific
community’s understanding of what entails the optimal
conditions. Understanding the variations of incubators and
schools of thought on culture plays a pivotal role in enabling
the IVF laboratory to proceed to an informed decision
regarding the options available.

Incubators control the environmental variables which
affect embryo development and act as potential stressors,
namely temperature, pH of the culture medium, medium
osmolality and air quality, which are regulated by gas
concentrations, temperature and humidity (46). The Holy
Grail of an incubator is to achieve stability, while the various
mechanisms of achieving this present advantages and
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disadvantages. The welcoming of new technologies in an
IVF laboratory is usually first taken for the incubators, thus
choosing an incubator capable of adapting to constant
changes is a must- have.

The IVF community has favored the bench-top incubator
in practice in view of the comparative studies associating its
use with improved embryo culture environment and
potentially better results (47, 48). Bench-top incubators are
the only type explicitly designed for clinical IVF use. The
difficulties related to their use revolve around some
limitations on quality control such as pH measurement of the
stored culture media (46). However, conventional incubators
still hold their place in the IVF laboratory, perhaps targeting
media calibration and concentrating on sperm and oocyte
preparation.

Determining the optimal selection of an incubator is still
problematic, as there are no defined advantages enabling
preference of one specific type over another. Adopting a
mixture of different incubator types may be the wiser option
for an up-to-date laboratory (46). New trends could be
challenging for the practicing embryologists to embrace in
the IVF set-up, however, it is crucial that benefits must be
clearly documented in order for changes within the clinical
practice to be realized. The matter of the learning curve
needs to be taken into account, as well as time required for
a new practice to be established effectively.

Air Quality in Embryo Culture

An additional factor worth considering in embryo culture is
the pH. The pH depends on the gases comprising the
atmosphere in the culture incubator, which explains the
reasoning behind securing an optimal gas atmosphere for
embryo culture in order to protect gamete function and
embryo development (49). Therefore, the oxygen
concentration in the incubator should be taken into account
in an IVF laboratory. Why oxygen concentration is so crucial
in the way a culture works, besides its implication in the
regulation of pH, can be explained by investigations on the
effect of oxidative stress on embryos and the increased
production of reactive oxygen species (ROS) at certain gas
concentrations (50, 51). ROS are by-products of aerobic
respiration and metabolism that could potentially result in
DNA and protein damage (52).

In vivo, embryos are exposed to oxygen concentrations
that range from 2-8% (53). Culture conditions consisting of
3. 5% oxygen have been shown to lead to higher rates of
fertilization and cleavage (54). One major reason why a
low oxygen tension is associated with improved embryo
viability is possibly the effect it exerts on increasing
expression of antioxidant enzymes and glucose transporters.
Our understanding is predominantly limited regarding the
mechanisms behind the benefits of culturing at a lower
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oxygen tension (5%), but that it leads to higher success
rates is a fact (55). In addition, it has been suggested that
the oxygen concentration is a crucial clinical factor
associated with global placental methylation and in turn
epigenetics (56).

Other than hypoxic incubators, the overall quality of air
circulating in the IVF laboratory is crucial. Air quality is an
additional variable that affects in vitro embryo development,
translating as the amount of volatile organic compounds
(VOCs) present in the air (57-60). Thus, specialized air
systems that can filter out VOCs from the laboratory
atmosphere are utilized in order to achieve optimal air
quality (59, 61). It is suggested and has been adopted in
various practices that safe conditions regarding air quality
should be secured within the incubator as well as outside via
use of VOC-free inline gas filtration systems (46), or by
employing a UV light source that for photocatalytic
breakdown of VOCs in recirculating air (62). However, the
efficiency of this practice is a matter of debate, while its
application to benchtop incubators is problematic (46).

Do all of the above facts and statements really matter? They
do and there is one study to rule them all. Heitmann et al.
made a remarkable observation when they preserved important
aspects of their IVF laboratory, including equipment,
personnel and protocols, during relocation of their facility
while improving only the environmental variables. Enhancing
the quality of IVF laboratory conditions and air systems had
profound positive effects on laboratory measures and patient
outcomes regarding implantation and live birth (63).

The importance of air quality and adopting practices to
entire optimal air quality through employing a hypoxic
incubator and installing VOC filtration systems is irrefutably a
step in the right direction. However, quality is more than just
a series of correct choices, and it entails system maintenance,
thorough quality control and continuous evaluations in order
to ensure stability of the optimal environment.

The Importance of Temperature and Humidity

It has been reported that embryo metabolism, as well as
meiotic function and gamete behavior, are affected by the
temperature range the embryo is exposed to (64, 65).
Commonly, the temperature for embryo culture is regulated
at 37°C inside an incubator, although Leese et al. have
proposed that taking for granted that the optimal culture
temperature for embryos is the same as normal core body
temperature may not be the case. In many species, the
temperature of the fallopian tube is slightly lower than that
of the rest of the body, yet it is unclear if that is the case for
humans. If it is, then 37°C may reflect metabolism
dysfunction in early embryonic development (65). On the
other hand, a study by Hong et al. comparing effects and
safety at temperatures between 36°C and 37°C showed there

to be no difference (66). The issue of optimal temperature is
vast and very well documented within the literature
supporting the current level to be set at 37°C, it is however
crucial to continue the quest for optimal conditions on all
levels involved, including the temperature. Studies like the
one by Leese et al. highlight the necessity of questioning
what is indeed best.

Temperature and humidity work hand in hand to secure
stability in culture. Appropriate levels of humidity ensure
a controlled environment regarding the risk of evaporation,
which could disturb culture osmolality resulting in
catastrophic embryo disturbance (49, 67). The matter of dry
culture, thereby removing the factor of humidity from the
equation of optimal culture conditions, has been raised and
argued. Albeit it promising and appealing, recent studies
such as the one by Fawzy et al. highlight the need for
larger, multicenter randomized trials in strengthening the
result of this debate as their data show dry culture to be
associated with decreased rates of implantation and clinical
pregnancy (68).

Latest Trends

The nature of culture media and the approach of the IVF
laboratory regarding culture conditions are always evolving.
Improving conditions and equipment, as well as introducing
new technologies, is essential for enhancing success rates.
Close-proximity embryos, decreased media volumes,
vertical cultures and group cultures are just a few new trends
surfacing. The current practice of static cultures is under
exhaustive investigation since it opposes the movement and
stimulation an embryo undergoes naturally in vivo. For this
reason, dynamic culture platforms providing physical
stimulation via shaking, vibrating or rotating, gravity, titling,
controlled fluid flow and co-cultures are also some of the
new options under examination. All these latest entries into
the IVF world are complex and require specific operation as
well as time required for a learning curve, adding another
level of complexity challenging the practice in the IVF
laboratory (69). Microfluidics is a recent innovative
technology promising to transform the way an IVF
laboratory functions, aiming to optimize culture conditions
by manipulating small fluid volumes of media to our
advantage. In other words, microfluidic technology tailors
the cellular microenvironment as pointed out by Young and
Beebe (70). Microfluidic technology promises to expand our
perspective regarding gamete and embryo culture as it holds
revolutionary potential (71). Challenges of accommodating
new ideas and technologies seem to be a mandatory process
for establishing a better future for IVF practice. Cell growth
and development in advanced stages is reported by Vining
and Mooney to be under the immense influence of extrinsic
and intrinsic mechanical forces. The fluid surrounding the
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cells throughout early stages and the mechanical forces
applied on them appear to have the potential to interfere with
embryonic developmental milestones (72). The way these
forces interact with genetic and epigenetic events is still
unclear. In light of this recent valuable contribution by
Vining and Mooney, and the grey zone regarding the effects
of mechanical forces, perhaps new trends should be re-
evaluated. Strict criteria should be in place regarding
introduction of relevant technologies to the clinical IVF
laboratory as is well presented by Harper et al. (10). The
subject of controlling and examining new promising ideas
prior to clinically applying them is resurfacing and should
be well taken into account and investigated by larger
multicenter studies.

The quest of selecting the best embryo has resulted in
implementation of ground breaking novel ideas. The oxygen
consumption rate was recently proposed for evaluating the
embryo’s wellbeing. The existing methods from the 1990s
for measuring oxygen consumption failed to become a gold
standard due to their lack of high sensitivity coupled by their
invasive nature. Another innovative method, scanning
electrochemical microscopy, employed to measure the
oxygen consumption rate failed to excite embryologists as
reported by Kurosawa et al. due to the fact that it requires
micromanipulation and further training (73). Finally, a new
device developed by Kurosawa et al. that included a chip
sensing embryo respiration monitoring system achieved an
automated measurement of oxygen consumption rate in a
satisfactory fashion (73). No matter how exciting these latest
trends sound, usability within the clinical spectrum of the
IVF laboratory is a required condition that should be
seriously accounted for.

The advanced approach of time-lapse technology has
entered the IVF world accompanied by plenty of questioning
and caution. Time-lapse technology means that sequential
images of embryos are recorded during culture with the use
of a digital inverted microscope in order to accurately assess
the embryo’s development (74). Despite the promising
outlook, there are numerous studies reporting that time-lapse
technology should not be employed, at least not yet, as part
of an IVF laboratory’s routine due to the lack of adequate
data and evidence supporting its efficiency and its
contribution towards improving success rates of implantation
rates and clinical pregnancies (75-77). Nonetheless,
employment of time-lapse technology as a novel approach in
the laboratory routine promises to revolutionize embryo
culture as we know it, enabling continuous access to the
embryo’s preimplantation developmental journey and
eliminating the factor of exposure while recording precious
information. These new technologies not only provide the
means to maintain intact culture conditions, in some cases,
they also require utilizing different approaches to culturing
embryos. For instance, employment of conical dishes is
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required during culture employing a commercially available
time-lapse system called EmbryoScope™ , which may create
a unique beneficial surrounding for the embryo in a low-
density single-embryo culture. Hitherto, validation of the
superiority of these technologies regarding culture conditions
is pending (78).

Epigenetics

Essential factors dictating the efficiency of media, such as
oxygen, temperature or osmolality, may influence the
phenotype of human embryos conceived in an IVF
laboratory, through parameters such as morphology,
developmental kinetics, physiology and metabolism (79).

The days following fertilization are of great significance.
Disruption of a normal event flow could exert a negative
effect on the subsequent development of the embryo, and
the offspring phenotype. During the preimplantation stages,
developmental events may be fine-tuned by epigenetic
modifications (80). These crucial modifications manifest as
epigenetic perils as they have the potential to influence
genomic expression from fertilization all the way through
to implantation (81). Any alteration during this sensitive
period could have a huge impact on the generations to come
(25, 82-85).

The gene-expression pattern develops from early embryo
developmental stages and is inhibited or activated by internal
and external factors. One of the main external factors
considered to being capable of altering embryo development
and affecting offspring health is the oxygen tension during
culture (21). There are various animal studies suggesting that
altered gene expression may take place and is majorly
dependent on the IVF environment and culture media (86-
90). Applying these data to humans is challenging and
requires careful extrapolation. On this note, Katari and
colleagues reported the impact that embryo culture
conditions may exert on DNA methylation and gene
expression of various tissues such as placenta and cord blood
in cases of ART-conceived children (91). Epigenetic
differences between the differentiated ‘inner’ and ‘outer’
blastomeres, as their polarity is defined, may be attributed to
in vitro culture as this study suggests. However, this study
further highlights the ambiguity in determining whether these
differences in methylation-underlying the epigenetic
changes-are a result of ART practice or simply attributed to
population characteristics (91).

It has been reported that the percentage of ART-conceived
children in developed countries is 1-3% (92). In light of this
considerable percentage, it is imperative to examine the
aspects associated with how conditions of ART application
may leave an epigenetic print. The fate of the embryo is
considered to be affected by modifications during epigenetic
reprogramming (93) and is substantially vulnerable to any
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alterations of environmental factors (94). If the beginning of
so many new lives takes place in an artificial unprotected or
uncontrolled environment of “epigenetic attacks”, then what
can be anticipated? It has been suggested by Ventura et al.
that in the future a possible analysis of the epigenetic profile
of IVF born children and adults could reveal and link
epigenetic alterations in early stages to pathologies in adult
life (93). The follow-up of children is of immense
significance. Pediatric data are a must in order to enrich our
knowledge and understanding of the underlying mechanisms
involved, and to promote an ideal code of practice within the
IVF set-up where culture media conditions take the lead role.

Conclusion

Our goal to minimize environmentally-induced stress inside
the IVF laboratory remains in order to provide an optimized
culture system for embryo development and to reach most
favorable outcomes of ART. Approaches to embryo culture
may vary from simplistic in nature and minimally invasive,
tried and tested in time, to complicated in application,
including novel techniques, equipment and modern concepts
presenting promising potential but at times lacking the safety
associated with traditional practices. Are we desperately
trying to gain control over every single factor in the IVF
laboratory for safer results or just simply aiming to be better
than nature? (19). Could it be that the embryo’s journey in
vivo entails more of a rollercoaster regarding the conditions
it is subjected to and that our immense effort for stability
does not correspond to the reality of the needs of the
preimplantation embryo? Data published back in the 1980s
proved this point exactly. It was reported that using tap water
without any protein supplement was enough to develop
embryos to the blastocyst stage (95, 96). We have certainly
come a long way since then, but the question still stands on
whether we may be overthinking and over-emphasizing the
details. On the other hand, the very same nature of the ART
field and embryology entails the struggle to improve culture
conditions and enhance performance and results. Securing a
gold standard is key and so is balance between embracing
novel approaches such as growth factor addition in media
and novel culture platforms and equipment and examining
their true potential, efficiency and beneficial nature prior to
introducing them into clinical practice. Choosing the most
efficient and less interventional approach is a state of mind
one should adopt in this era of contradictions, constant
innovative new suggestions and struggle to produce better
performance statistics for IVF laboratories.
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