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study question: Is it important that end-users know the composition of human embryo culture media?

summary answer: We argue that there is as strong case for full transparency concerning the composition of embryo culture media
intended for human use.

what is known already: Published data suggest that the composition of embryo culture media may influence the phenotype of the
offspring.

study design, size, duration: A review of the literature was carried out.

participants/materials, setting, methods: Data concerning the potential effects on embryo development of culture
media were assessed and recommendations for users made.

main results and the role of chance: The safety of ART procedures, especially with respect to the health of the offspring, is of
major importance. There are reports from the literature indicating a possible effect of culture conditions, including culture media, on embryo and
fetal development. Since the introduction of commercially available culture media, there has been a rapid development of different formulations,
often not fully documented, disclosed or justified. There is now evidence that the environment the early embryo is exposed to can cause repro-
gramming of embryonic growth leading to alterations in fetal growth trajectory, birthweight, childhood growth and long-term disease including
Type II diabetes and cardiovascular problems. The mechanism for this is likely to be epigenetic changes during the preimplantation period of de-
velopment. In the present paper the ESHRE working group on culture media summarizes the present knowledge of potential effects on embryo
development related to culture media, and makes recommendations.

limitations, reasons for caution: There is still a need for large prospective randomized trials to further elucidate the link
between the composition of embryo culture media used and the phenotype of the offspring. We do not presently know if the phenotypic
changes induced by in vitro embryo culture represent a problem for long-term health of the offspring.

wider implications of the findings: Published data indicate that there is a strong case for demanding full transparency concern-
ing the compositions of and the scientific rationale behind the composition of embryo culture media.
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ology. No competing interests to declare.

Key words: assisted reproductive technology / European Society of Human Reproduction and Embryology / culture media / regulation of
culture media / effect of in vitro culture on human embryos / transparency regarding composition of culture media

†ESHRE Pages content is not externally peer reviewed. The manuscript has been approved by the Executive Committee of ESHRE.

& The Author 2016. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. All rights reserved.
For Permissions, please email: journals.permissions@oup.com

Human Reproduction, Vol.31, No.10 pp. 2174–2182

Advanced Access publication on August 23, 2016 doi:10.1093/humrep/dew157

, 2016

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article/31/10/2174/2388988 by guest on 17 April 2024



Introduction
For a successful pregnancy to occur, embryos that are able to implant are
essential. Several studies have suggested that the composition of the
media that embryos are cultured in may have an impact on the quality
of embryos generated in IVF/ICSI cycles thereby influencing implantation
and pregnancy rates (Mantikou et al., 2013).

Lookingback, the culture ofhuman gametes and embryoshas been per-
formed with surprisingly little standardizationand a lot of experimentation.
In thefirstdecade ofhuman IVF, the culturemedia ranged fromfairlysimple
salt solutions such as Earle’s or Tyrode’s solutions to complex media
intended for tissue culture such as HamF10. All of them were usually sup-
plemented withdifferent sources of proteins, mostly with fetal or maternal
serum. Even today commercially available culture media range from fairly
simple with 8 to 10 different salts and sugars to media containing nearly 80
different components including amino acids, lipids, vitamins, trace ions and
bioactive molecules such as hormones and expression modulators
(Gomes et al., 2009; Sunde and Balaban, 2013; Dyrlund et al., 2014;
Morbeck et al., 2014a; Chronopoulou and Harper, 2015).

Today, culture media for embryos can be used either as a sequential
system, with different compositions for Days 0–3 and 3–6, or as a single
medium used for the whole culture period. Culture media should be
used as intended by the manufacturer, however, in many laboratories com-
binations of media from different manufacturers are used (Gardner and
Lane, 1997; Biggers and Summers, 2008), making the evaluation of poten-
tial impact more difficult.

It is well documented from epidemiological data that the nutritional
status of the mother in early pregnancy may have lasting effects on the
health of the offspring (Roseboom et al., 2006; Heijmans et al., 2008;
Huang et al., 2010). In animal models, it is demonstrated that minor
dietary changes that influence the composition of the intrauterine fluid
at the time of implantation will have an effect on the cardiovascular
system in the offspring (Kwong et al., 2000; Watkins et al., 2007).
These observations have led to the formulation of the Developmental
Origins of Health and Disease (DOHaD) hypothesis (Barker, 2007;
https://dohadsoc.org). This can be understood as a physiological re-
sponse of the embryo to environmental conditions, most likely mediated
through epigenetic changes that may persist throughout life and into sub-
sequent generations.

Following this line of reasoning, it would not be surprising if different
culture media have different effects on the epigenome of the developing
pre-embryo, and data suggest that in vitro culture of gamete and embryos
may influence the phenotype of the offspring (Khosla et al., 2001; Gomes
et al., 2009; Katari et al., 2009; El Hajj and Haaf, 2013; Nelissen et al.,
2014). The consequences of this potential shift in phenotype after IVF
is to a large extent unknown, and it is unclear whether this will have an
effect on the long-term health of the ART-offspring.

The following sections and Table I summarize the knowledge currently
available on the main components of culture media and their possible
effects on embryo and perinatal development and long-term outcome.

Mediacompositionandsignificant
changes made by manufacturers
Since 1990s, manufacturers have introduced numerous changes in
culture media supplements, with the aim to improve success rates of

IVF/ICSI. As shown in a recent study (Morbeck et al, 2014a), commercial
IVF media vary widely in their nutrient composition, so to evaluate pos-
sible effects on embryo growth it is crucial to know the composition of
media the embryo has been exposed to. For example, amino acids
(e.g. methionine) and vitamins taken up by the embryo have been
shown to cause direct epigenetic changes via the one carbon cycle of
the embryo (Menezo et al, 2013; Xu and Sinclair, 2015). The quantity
of these vitamins and amino acids in culture media is variable and
poorly defined.

Another important component is peptide growth factors, which are
present in some commercially available IVF media. Growth factors
have the ability to alter embryonic growth, cell lineage allocation to
inner cell mass (ICM) and trophectoderm (TE), and apoptosis, the mech-
anism by which developing organisms eliminate cells that contain
genomic damage. Embryos cultured in small volumes of medium and/
or without changing medium are likely to be exposed to biologically
active concentrations of growth factors they secrete themselves (auto-
crine factors) (O’Neill, 2008).

Another important component in culture media formulations, which is
still under debate, is protein/albumin supplementation. Human serum
albumin (HSA) and protein preparations contain not only albumin, but
also a range of potentially bioactive molecules and contaminants
(Morbeck et al, 2014b). We still do not know to what extent different
preparations of HSA can affect the development of human embryos in
vitro. Several questions remain about culture media protein supplemen-
tation, such as: Is recombinant albumin as effective as sera-derived
albumin or a combination of albumins and globulins? Can hyaluronan
replace albumin?

It is still unclear how the composition of the media affects embryo
quality and IVF/ICSI success rates and which—if any—culture medium
leads to the highest IVF/ICSI success rates. Mantikou et al. (2013) per-
formed a systematic review that including 22 studies of 20 different
culture media from 11 commercial companies, but was unable to find
a superiorculturemedium from the pooled data. It is important to under-
line that by considering pregnancy or implantation rates only from fresh
cycles, this review did not investigate possible long-term effects of culture
media.

The potential impact that varying concentrations of components (such
as energy substrates, amino acids, EDTA, macromolecules) and other
variables (such as growth factors and osmolality) may have on early
embryo development, live birth rates and on long-term health implica-
tions in the newborn or adult is not fully known. When comparing the
potential impact of culture media formulations on embryo quality as
well as on the epigenome, two additional questions must be considered:
how long the embryo is cultured in vitro, and what culture environment is
provided by the laboratory.

For quality control, culturemedia companies use the mouse embryon-
ic assay (MEA) (Ackerman et al., 1984, 1985; Byers et al., 2006). A spe-
cific culture medium is considered to pass the MEA if it supports
development of ≥80% of mouse embryos to the blastocyst stage. Unfor-
tunately, there is no standardization on the methodology of this assay, i.e.
on the day of development the culture should start, the mouse strain to
be used, the minimum number of embryos to be cultured, the presence
of oil overlay, the supplementation with proteins, osmolarity etc. This
raises concerns regarding the reliability of the current MEA as a proof
of the suitability and safety of culture media for human embryos. No al-
ternative is currently available.
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Table I List of the main components present in culture media used in assisted reproductive technology procedures.

What it is known References Conclusions

Carbohydrates - Uptake of pyruvate remains high throughout human preimplantation
embryo development.

- Shift in preference from pyruvate to glucose around the time of
compaction.

- Glucose alone does not support embryo development before the
eight-cell stage.

- Lactate alone does not support embryo development before the
two-cell stage.

Lane and Gardner (2007)
Morbeck et al. (2014a,b)
Menezo et al. (2013)

Glucose inhibition of embryo development is still a matter of debate.
It is now generally accepted that glucose should be included in media at
the concentrations found in the human oviduct.

Amino acids - Precursors of biosynthesis, energy source, regulator, buffer, chelator.
- Non-essential amino acids (alanine, asparagine, aspartate, glutamate,

glycine, proline and serine) and glutamine stimulate cleavage rate,
blastocyst formation and hatching.

- Essential amino acids stimulate cleavage rates after the eight-cell stage
and increase development of the inner cell mass in the blastocyst.

- Oviduct fluid contains all 20 amino acids.
- Follicular fluid and oviduct fluid have concentrations of amino acids

much lower than that present in sequential media formulations.

Lane and Gardner (2007)
Morbeck et al. (2014a,b)
Menezo et al. (2013)

- The importance of amino acids is attributed to their roles in protein
and nucleotide synthesis, in acting as osmolytes, as precursors for
signaling molecules, and as substrates for energy metabolism.

- No currently used media contain optimal concentrations of amino
acids.

- Glutamine can be replaced with stable glycyl-glutamine to avoid
breakdown to products including ammonium.

EDTA - Sequential media formulations usually utilize a concentration of EDTA
around 0.01–0.1 mmol/l.

- For single step media, the presence of EDTA for the entire culture
period has no significant affect on pre- or post-implantation
development provided it is used at a low concentration.

Lane and Gardner (2007)
Morbeck et al. (2014a,b)
Menezo et al. (2013)

- EDTA supplementation is still a matter of debate: it has been
suggested that EDTA concentrations should be high in order to
regulate glycolysis, but other studies using lower concentrations of
EDTA in culture media do not support this statement.

Protein
supplementation

- Albumin can be a carrier for lipids, hormones, and minerals and can
also be associated with globulins.

- The two most common commercial protein supplements in human
IVF are human serum albumin and human serum albumin with
globulins.

- There are still concerns about commercially prepared blood-derived
albumin and albumin/globulin.

Lane and Gardner (2007)
Morbeck et al. (2014a,b)
Menezo et al. (2013)
Chronopoulou and Harper
(2015)

- Human serum albumin (HSA) preparations contain not only albumin,
but also a range of potentially bioactive molecules.

- It is still unknown to what extent heterogeneity in different
preparations of HSA affects the development of human embryos
in vitro.

- Hyaluran has been suggested as being advantageous for transfer and
embryo implantation, but the reasoning for this is still unclear.

Osmolality - The physiological osmolarity surrounding the embryo in vivo is 280–
290 mOsm/kg.

- Most of the culture media today are formulated to fall in a range of
275–290 mOsm.

- There is no evidence of altered development when using media of
lower osmolality (¼ 260 mOsm).

Brinster (1965)
Menezo et al. (2013)
Biggers and Racowsky (2001)

- The optimal osmolality for human embryo culture is still unknown.

Continued Sunde
etal.
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Impactof ART culturemediumon
embryonic development
The genome and epigenome of the embryo are completely remodeled
(integration of the paternal genome, transition from maternal to
zygotic transcripts, global genome demethylation and remethylation,
maintenance of genetic imprints marking parent of origin alleles)
between fertilization and implantation, making the embryo uniquely vul-
nerable at precisely the stage of manipulation in vitro and culture during
IVF. At the blastocyst stage, changes in the allocation of cells to the
ICM and TE lineages also occur. This can alter ICM/fetal size directly
or indirectly via supply of nutrients by altering TE and hence placental
size and function, and thereby altering fetal growth trajectory and
birthweight.

Culture media contain a number of components, which might affect
epigenetic or other reprogramming events, leading to detrimental
effects on the embryo and the newborn, and potentially to long-term
health problems in the adult. A main component is nutrients. There is evi-
dence that cells—including early embryos—undergo ‘nutrient sensing’ in
order to determine the environment in which they are developing.
Glucose and amino acids are particularly important, triggering responses
via the 5′ adenosine monophosphate-activated protein kinase and
mechanistic target of rapamycin (mTOR) pathways, both of which
regulate growth and development including via epigenetic changes. Em-
bryonic sensing of a low nutrient environment in IVF culture media can
therefore program the embryo to be ‘thrifty’ in its metabolism, program-
ming a long-term thrifty phenotype. When the embryo is then replaced in
the maternal environment, it encounters a high nutrition environment
and experiences overgrowth (Eckert et al., 2015; Pantaleon, 2015).
The reverse would also be true in a high nutrient culture medium
environment.

The background literature in animals is extensive, showing that nutri-
tion during preimplantation development, either via the maternal tract or
in culture, can cause long-term reprogramming of development and
health (Kwong et al., 2000; Eckert et al., 2015). This is likely mediated
by epigenetic changes, and there is good evidence that embryo culture
particularly in suboptimal conditions disrupts the maintenance of the
embryonic epigenome in the mouse and potentially in human preimplan-
tation embryos (Market-Velker et al., 2010; Velker et al., 2012; White
et al., 2015).

The impact of culture medium can be captured by global gene expres-
sion profiling (transcriptomics) of individual embryos (e.g. mouse:
Rinaudo and Schultz, 2004; bovine: Urrego et al., 2014). Human
embryos show intrinsic heterogeneity in their transcriptomes (Vassena
et al., 2011; Shaw et al., 2013) with evidence of an impact of culture
medium (Kleijkers et al., 2015a). Cryopreserved human embryos also
show a different gene expression pattern to fresh embryos, including
genes regulating formation of ICM and TE, suggesting a possible mechan-
ism for altered fetal growth and placental function in children arising from
cryopreserved embryos (Shaw et al., 2012).

Potential impact of culture media
on children
It has been shown in several systematic reviews and meta-analyses that
singletons born after IVF or ICSI are at increased risk of adverse perinatal
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outcome when compared with naturally conceived children with respect
to preterm birth, lower birthweight, perinatal mortality and congenital
abnormalities (Helmerhorst et al., 2004; Jackson et al., 2004; McDonald
et al., 2009; Pandey et al., 2012; Wen et al., 2012; Feuer et al., 2013;
Pinborg et al., 2013; Albertini et al., 2014; Lazaraviciute et al., 2014;
Marino et al., 2014; Simpson, 2014; Declercq et al., 2015).

According to the DoHAD hypothesis, birthweight is an indication of
altered fetal growth and programming of later life health and disease
via intermediate physiology. Thus, it is significant that in addition to
lower ART birthweights, a growing number of studies have shown dis-
tinct phenotypic differences, including those predicted by DoHAD,
between ART children and naturally conceived children from birth
until young adult agewith respect to anthropometric parameters and adi-
posity (Green et al., 2013), cardiometabolic characteristics such as blood
pressure and cardiovascular remodeling (Ceelen et al., 2009; Scherrer
et al., 2012; Valenzuela-Alcaraz et al., 2013; Yeung and Druschel,
2013; Chen et al., 2014; Zhou et al., 2014; Pontessilli et al., 2015) and
metabolites linked to obesity, insulin resistance and metabolic syndrome
(Greenet al., 2013;Gkourogianni et al., 2014; Lou et al., 2014). However,
if there is evidence regarding an altered birthweight in ART children and
some phenotypic differences, several years have to pass until the children
age, to establish possible associations with the actual disease.

Although this growing list of studies reporting adverse perinatal and
long-term outcome parameters of ART children shows compelling evi-
dence that there could be an association between the mode of concep-
tion and outcome, there are several important points to consider. First, it
must be recognized that this association may be affected by bias and con-
founding factors, in particular in the selection of control groups. ART off-
spring need careful surveillance and follow up in order to record and
evaluate possible adverse effects of the treatments (Barnhart, 2013).
Second, it must be realized that some reported phenotypic differences
are in the physiological range and, most importantly, that the implications
are unknown. There are a number of publications that demonstrate that
long-term health of ART children is comparable to that of spontaneously
conceived children (see the extensive reviews of Bay et al., 2013, 2014;
Hart and Norman, 2013a,b; Hediger et al., 2013, Fauser et al., 2014;
Halliday et al, 2014). Third, even if the assumption of an association of
ART and adverse outcomes in the children is true, there is no evidence
that the origin of the problem is the ART treatment itself. Patient-related
factors such as the subfertility of the progenitors and associated genetic
factors may be one reason for adverse perinatal and post-natal outcomes
in singletons after ART. There are reports showing that patient-related
factors may be responsible for the differences observed in birthweight
and other perinatal outcomes in ART children (Romundstad et al.,
2008; Raatikainen et al., 2012; Messerlian et al., 2013; Declercq et al.,
2015; Wise et al., 2015). For certain outcome parameters, such as the
rate of congenital abnormalities, patient-related factors are considered
to be the most important (Simpson, 2014).

However, several studies show that specific ART treatment related
factors are at least in part responsible for the observed differences in
pregnancy outcome (see extensive review by Pinborg et al., 2013). For
instance, in several studies thatcomparechildren born after fresh transfer
with those born after transfer of frozen/thawed embryos, it was shown
that singletons born after frozen embryo transfer have a significantly
higher mean birthweight and higher risk of large for gestational age,
macrosomia and perinatal mortality when compared with singletons
conceived after fresh transfer (Henningsen et al., 2011; Nakashima

et al., 2013; Wennerholm et al., 2013; Marino et al., 2014). Here, subfer-
tility could be ruled out as a determining factor for these differences, since
children from both groups were born from the same population of sub-
fertile women. It is not clear from these studies which aspects of the ART
technology (hormonal stimulation or cryopreservation) are responsible
for the observed differences. Interestingly it was found that human
embryos surviving the cryopreservation and thawing procedure exhibit
a different gene expression compared with fresh embryos matched for
morphological grade (Shaw et al., 2012).

ART children have also shown alterations in DNA methylation and
transcript level of a number of genes such as those controlling growth
(insulin-like growth factor (IGF)2/H19 and its receptor, IGF2R) in cord
blood and placentae (Katari et al., 2009; Turan et al., 2010; Zhang
et al., 2010; Song et al., 2015). The most recent of these studies strongly
suggests that the causal effect is from ART procedures, rather than from
parental infertility and may provide insight into the reported increases in
imprinting disorders in ART children (Song et al., 2015).

Whether or not the in vitro culture of embryos, and more specifically,
the culture medium used (or certain components of media), is also a de-
termining factor for the observed adverse pregnancy outcome after ART
was recently discussed in a review by Zandstra et al. (2015). It was con-
cluded that from the 11 studies that investigated the association between
birthweight after human IVF and the type of culture medium used, 5
found evidence of such an association while the other 6 studies did
not. From these findings, together with the fact that the number of
human studies is still limited, and that most studies were retrospective
with consecutive use of different culture media and limited sample
sizes, making bias of results likely, it can be concluded that it is still
unclear whether or not culture media (or components in these media)
can affect outcome parameters such as birthweight. Furthermore, it is
unknown whether or not any possible relationship with birthweight is
restricted to certain media or specific components. Interestingly, it
was demonstrated in a recent study that birthweight of singletons born
after IVF showed an inverse association with the storage time of the
embryo culture medium used, indicating a possible accumulation of de-
terioration of certain medium components (Kleijkers et al., 2015b).

If a relationship between the culture medium used and certain peri-
natal outcome parameters such as birthweight is found to be true, it is
still too early to know the long-term effect on health. In one recent
study it was found that the differences in birthweight as a result of
the type of culture medium used persisted during the first 2 years of
life (Kleijkers et al., 2014).

Regulatory aspects of ART
culture media
In 2009 it was agreed that the European Union (EU) would regulate ART
culture media as medical devices (Class III) (Medical Device Directive
93/42/EEC, 1993; MEDDEV2.2/4 Jan, 2012).

CE (Conformité Européenne) marking is a regulatory requirement to
show a product is safe, effective, fit for purpose and meets EU regula-
tions. To comply with European Directive 2001/83/EC, culture
medium should be preferably CE marked (‘Wherever possible, only
CE marked medical devices must be used and all concerned staff must
have received appropriate training on the use of such devices’ Commis-
sion Directive, 2006/17). To apply for CE marking, the manufacturers
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have to submit a technical file to their Notified Body (an organization that
has been accredited by a Member State to assess whether a product
meets certain preordained standards) which should include: the
grounds for incorporating each component in the media, the risk of
each of these components, manufacturing processes, design, validation
of design, testing of product, toxicology, scientific data, what internation-
al standards have been used, pre-clinical and post clinical evaluation,
ensure the product will not compromise safety of patients, and errors
and a risk benefit analysis. The clinical evaluation must show that there
is an overall positive risk/benefit ratio of the product and take into
account the safety to the gametes, embryos and the mother to be (in ac-
cordance with MEDDEV 2.7-1). The Notified Body will also do a physical
audit of the production site and look at the quality management system
and manufacturing process, post market surveillance and follow up.
Manufacturers should also have a plan for post-market surveillance in-
cluding clinical follow-up (in accordance with MEDDEV 2.12/1).

If the medium contains a medicinal product or human derived
blood product, such as HSA or antibiotics, the Notified Body also has
to undertake a consultation with a Medicines Competent Authority
and/or European Medicines Agency. In both cases, they will look at
safety, performance and usefulness of the element within the media.

If the manufacturer makes any changes to a medium, they would need
to have these changes validated and added to their CE certificate after
review by their Notified Body and completion of all relevant consulta-
tions (Medical Device Directive 93/42/EEC, 1993).

Currently, it is not clear how the Notified Body system works. As far as
we are aware, it is not possible to find out who the notified bodies are,
their membership, details of advisors or relevant expertise. It is also cur-
rently unclear how manufacturers carryout post-market surveillance and
clinical follow-up arising from use of culture medium in IVF.

As stated above, culture media should be used as intended by the
manufacturer, as an incorrect use can invalidate the CE marking.

Recommendations for end users
For IVF laboratories, the use of devices and equipment, including culture
media, is a constant decision-making process, which has to be made on
the basis of a number of criteria such as availability, user friendliness
and clinical results, as well as cost/benefit. The clinics have responsibility
for the products that they use and decision-making processes have
to be based on available information regarding the characteristics
of the product itself and its suitability, including possible changes. In
addition, since culture media manufacturers often make changes
(minor or major) in their products, decisions have to be re-evaluated
and re-validated.

End users must be aware of when changes are being made. It is there-
fore extremely important that culture media manufacturers notify clinics
of all changes being made to their products. Changes in the formulation
and other characteristics of the culture medium have to be declared, and
the scientific basis of the change has to be disclosed, including validation in
experimental models (animal models) as well as clinical results, if avail-
able. The expected consequences of the medium change have to be dis-
cussed, especially with respect to safety concerns.

In parallel, the clinics should have a system to validate the products
they use in their own laboratory. The results obtained with new media
or other methodological changes must be carefully monitored and

assessed. Multicentre studies that will allow a faster validation process
of a specific product change should be encouraged.

A quality management system must be in place to ensure the correct
methodology of storage and the use of a specific culture medium by all
personnel involved according to the manufacturer’s instructions. It is
mandatory that traceability, including type of culture media and lot
number, is maintained for all ART products. In case incidents occur,
they must be reported as notification of serious adverse reactions and
events (Commission Directive, 2006/86/EC). Biovigilance systems
put in place by the competent authorities should assist in the detection
of possible adverse events or reactions that may arise.

Results regarding fertilization rate and embryo quality as well as preg-
nancy, implantation and live born baby rates have to be carefully
recorded and analyzed. Each IVF unit should develop a system for follow-
ing up also the health of the offspring and this should be one of the crucial
quality control indicators. The follow-up of children needs to be per-
formed periodically, preferably through national registries.

In light of the large and emerging body of evidence on the importance
of the nutritional environment during early development, national regis-
tries should include the type of culture medium embryos have been
exposed to as well as unique identifiers for patients and babies on the
register to enable large-scale outcome studies to be performed routinely
using data linkage.

Conclusions
The ultimate goal of any ART treatment must be to secure the health of
the patients and the children. This can only be fulfilled by continuous
follow-up and by documentation and traceability of all methods per-
formed and all materials used. As shown in this summary, culture
media have a high degree of variability, and in general their quantitative
composition is not known by the end users, which limits the possibility
to correlate culture media type and composition to outcome.

Existing data regarding the influence of culture media on embryonic,
obstetrical, perinatal and post-natal parameters are conflicting.
However, the fact that some studies do find such an association, particu-
larly with birthweight, highlights the importance of further investigation.

Therefore, clinical data related to culture media should be documen-
ted by ART centers in such a way that they can be used for biovigilance
purposes and these data should preferably be collected in national regis-
tries, where available.

In addition, the complete formulation of culture media should be dis-
closed and all changes should be justified, validated and communicated to
end-users by manufacturers. Changes should be made to the existing
regulatory system to achieve transparency and improve monitoring of
outcomes to the long-term benefit of ART children and society.

Authors’ roles
All authors participated equally in conceiving, writing and editing the
manuscript.

Funding
This work was funded by the European Society for Human Reproduction
and Embryology.

Potential impact of culture media on human embryos 2179

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article/31/10/2174/2388988 by guest on 17 April 2024



Conflict of interest
None declared.

References
Ackerman SB, Stokes GL, Swanson RJ, Taylor SP, Fenwick L. Toxicity testing

for human in vitro fertilization programs. J In Vitro Fert Embryo Transfer 1985;
2:132–137.

Ackerman SB, Taylor SP, Swanson RJ, Laurell LH. Mouse embryo culture for
screening in human IVF. Arch Androl 1984;12:129–136.

Albertini DF, Evers JLH, Geraedts JPM, Gianaroli L, Sharpe R, Sinclair KD,
Sunde A, Van Steirteghem A. (ESHRE Capri Workshop Group) Birth
defects and congenital health risks in children conceived through assisted
reproduction technology (ART): a meeting report. J Assist Reprod Genet
2014;31:947–958.

Barker DJ. The origins of the developmental origins theory. J Intern Med 2007;
261:412–417.

Barnhart KT. Assisted reproductive technologies and perinatal morbidity:
interrogating the association. Fertil Steril 2013;99:299–302.

Bay B, Mortensen EL, Kesmodel US. Assisted reproduction and child
neurodevelopmental outcomes: a systematic review. Fertil Steril 2013;
100:844–853.

Bay B, Mortensen EL, Kesmodel US. Is subfertility or fertility treatment
associated with long-term growth in the offspring? A cohort study. Fertil
Steril 2014;102:1117–1123.

Biggers J, Racowsky C. The development of fertilized human ova to the
blastocyst stage in medium KSOM-AA: is a two-step protocol
necessary? Reprod Biomed Online 2001;5:133–140.

Biggers JD, Summers MC. Choosing a culture medium: making informed
choices. Fertil Steril 2008;90:473–483.

Brinster RL. Studies on the development of mouse embryos in vitro. I. The
effect of osmolarity and hydrogen ion concentration. J Exp Zool 1965;
158:49–57.

Byers S, Payson S, Taft R. Performance of ten inbred mouse strains following
assisted reproductive technologies (ARTs). Theriogenology 2006;
65:1716–1726.

Ceelen M, van Weissenbruch MM, Prein J, Smit JJ, Vermeiden JP,
Spreeuwenberg M, van Leeuwen FE, Delemarre-van de Waal HA.
Growth during infancy and early childhood in relation to blood
pressure and body fat measures at age 8–18 years of IVF children and
spontaneously conceived controls born to subfertile parents. Hum
Reprod 2009;24:2788–2795.

Chen M, Wu L, Zhao J, Wu F, Davies MJ, Wittert GA, Norman RJ, Robker RL,
Heilbronn LK. Altered glucose metabolism in mouse and humans
conceived by IVF. Diabetes 2014;63:3189–3198.

Chronopoulou E, Harper JC. IVF culture media: past, present and future.
Hum Reprod Update 2015;21:39–55.

Commission Directive 2006/17/EC of 8 February 2006 implementing
Directive 2004/23/EC of the European Parliament and of the Council
as regards certain technical requirements for the donation, procurement
and testing of human tissues and cells.

Commission Directive 2006/86/EC of 24 October 2006 implementing
Directive 2004/23/EC of the European Parliament and of the Council
as regards traceability requirements, notification of serious adverse
reactions and events and certain technical requirements for the coding,
processing, preservation, storage and distribution of human tissues and
cells.

Declercq E, Luke B, Belanoff C, Cabral H, Diop H, Gopal D, Hoang L,
Kotelchuck M, Stern JE, Hornstein MD. Perinatal outcomes associated
with assisted reproductive technology: the Massachusetts Outcomes

Study of Assisted Reproductive Technologies (MOSART). Fertil Steril
2015;103:888–895.

Dyrlund TF, Kirkegaard K, Poulsen ET, Sanggaard KW, Hindkjaer JJ, Kjems J,
Enghild JJ, Ingerslev HJ. Unconditioned commercial embryo culture media
contain a large variety of non-declared proteins: a comprehensive
proteomics analysis. Hum Reprod 2014;29:2421–2430.

Eckert JJ, Velazquez MA, Fleming TP. Cell signalling during blastocyst
morphogenesis. Adv Exp Med Biol 2015;843:1–21.

El Hajj N, Haaf T. Epigenetic disturbances in in vitro cultured gametes and
embryos: implications for human assisted reproduction. Fertil Steril 2013;
99:632–641.

Fauser BCJM, Devroey P, Diedrich K, Balaban B, Bonduelle M,
Delemarre-van de Waal HA, Estella C, Ezcurra D, Geraedts JPM,
Howles CM et al. Health outcomes of children born after IVF/ICSI: a
review of current expert opinion and literature. Reprod BioMed Online
2014;28:162–182.

Feuer SK, Camarano L, Rinaudo PF. ART and health: clinical outcomes and
insights on molecular mechanisms from rodent studies. Molec Hum
Reprod 2013;19:189–204.

Gardner DK, Lane M. Culture and selection of viable blastocysts: a feasible
proposition for human IVF? Hum Reprod Update 1997;3:367–382.

Gkourogianni A, Kosteria I, Telonis AG, Margeli A, Mantzou E, Konsta M,
Loutradis D, Mastorakos G, Papassotiriou I, Klapa MI et al. Plasma
metabolomic profiling suggests early indications for predisposition to
latent insulin resistance in children conceived by ICSI. PLoS One 2014;
9:e94001.

Gomes MV, Huber J, Ferriani RA, Amaral Neto AM, Ramos ES. Abnormal
methylation at the KvDMR1 imprinting control region in clinically normal
children conceived by assisted reproductive technologies. Molec Hum
Reprod 2009;15:471–477.

Green MP, Mouat F, Miles HL, Hopkins SA, Derraik JGB, Hofman PL, Peek JC,
Cutfield WS. Phenotypic differences in children conceived from fresh and
thawed embryos in in vitro fertilization compared with naturally conceived
children. Fertil Steril 2013;99:1898–1904.

Halliday J, Wilson C, Hammarberg K, Doyle LW, Bruinsma F, McLachlan R,
McBain J, Berg T, Fisher JR, Amor D. Comparing indicators of health
and development of singleton young adults conceived with and
without assisted reproductive technology. Fertil Steril 2014;101:
1055–1063.

Hart R, Norman RJ. The longer-term health outcomes for children born as a
result of IVF treatment. Part I—General health outcomes. Hum Reprod
Update 2013a;19:244–250.

Hart R, Norman RJ. The longer-term health outcomes for children born as a
result of IVF treatment. Part II—Mental health and development
outcomes. Hum Reprod Update 2013b;19:232–243.

Hediger ML, Bell EM, Druschel CM, Buck Louis GM. Assisted reproductive
technologies and children’s neurodevelopmental outcomes. Fertil Steril
2013;99:311–317.

Heijmans BT, Tobi EW, Stein AD, Putter H, Blauw GJ, Susser ES,
Slagboom PE, Lumey LH. Persistent epigenetic differences associated
with prenatal exposure to famine in humans. Proc Natl Acad Sci USA
2008;105:17046–17049.

Helmerhorst FM, Perquin DA, Donker D, Keirse MJ. Perinatal outcome of
singletons and twins after assisted conception: a systematic review of
controlled studies. BMJ 2004;328:261.

Henningsen A-K, Pinborg A, Lidegaard O, Vestergaard C, Lyng Forman J,
Nyboe Andersen A. Perinatal outcome of singleton siblings born after
assisted reproductive technology and spontaneous conception: Danish
national sibling-cohort study. Fertil Steril 2011;95:959–963.

Huang C, Li Z, Wang M, Martorell R. Early life exposure to the 1959–1961
Chinese famine has long-term health consequences. J Nutr 2010;
140:1874–1878.

Sunde et al.2180

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article/31/10/2174/2388988 by guest on 17 April 2024



Jackson RA, Gibson KA, Wu YW, Croughan MS. Perinatal outcomes in
singletons following in vitro fertilization: a meta-analysis. Obstet Gynecol
2004;103:551–563.

Katari S, Turan N, Bibikova M, Erinle O, Chalian R, Foster M, Gaughan JP,
Coutifaris C, Sapienza C. DNA methylation and gene expression
differences in children conceived in vitro or in vivo. Hum Molec Genet
2009;18:3769–3778.

Khosla S, Dean W, Reik W, Feil R. Epigenetic and experimental modification
in early mammalian development: Part II. Culture of preimplantation
embryos and its long-term effects on gene expression and phenotype.
Hum Reprod Update 2001;7:419–427.

Kleijkers SH, van Montfoort AP, Smits LJ, Viechtbauer W, Roseboom TJ,
Nelissen EC, Coonen E, Derhaag JG, Bastings L, Schreurs IE et al. IVF
culture medium affects post-natal weight in humans during the first 2
years of life. Hum Reprod 2014;29:661–669.

Kleijkers SH, Eijssen LM, Coonen E, Derhaag JG, Mantikou E, Jonker MJ,
Mastenbroek S, Repping S, Evers JL, Dumoulin JC et al. Differences in
gene expression profiles between human preimplantation embryos
cultured in two different IVF culture media. Hum Reprod 2015a;
30:2303–2311.

Kleijkers SH, van Montfoort AP, Smits LJ, Coonen E, Derhaag JG, Evers JL,
Dumoulin JC. Age of G-1 PLUS v5 embryo culture medium is inversely
associated with birthweight of the newborn. Hum Reprod 2015b;
30:1352–1357.

Kwong WY, Wild AE, Roberts P, Willis AC, Fleming TP. Maternal
undernutrition during the preimplantation period of rat development
causes blastocyst abnormalities and programming of postnatal
hypertension. Development 2000;127:4195–4202.

Lane M, Gardner D. Embryo culture medium: which is the best? Best Pract Res
Clin Obstet Gyneacol 2007;21:83–100.

Lazaraviciute G, Kauser M, Bhattacharya S, Haggarty P, Bhattacharya S. A
systematic review and meta-analysis of DNA methylation levels and
imprinting disorders in children conceived by IVF/ICSI compared with
children conceived spontaneously. Hum Reprod Update 2014;
20:840–852.

Lou H, Le F, Zheng Y, Li L, Wang L, Wang N, Zhu Y, Huang H, Jin F. Assisted
reproductive technologies impair the expression and methylation of
insulin-induced gene 1 and sterol regulatory element-binding factor 1 in
the fetus and placenta. Fertil Steril 2014;101:974–980.

Mantikou E, Youssef M, van Wely M, Van der Veen F, Al-inany H, Repping S,
Mastenbroek S. Embryo culture media and IVF/ICSI success rates: a
systematic review. Hum Reprod Update 2013;19:210–220.

Marino JL, Moore VM, Willson KJ, Rumbold A, Whitrow MJ, Giles LC,
Davies MJ. Perinatal outcomes by mode of assisted conception and
sub-fertility in an Australian data linkage cohort. PLoS One 2014;9:e80398.

Market-Velker BA, Fernandes AD, Mann MR. Side-by-side comparison of
five commercial media systems in a mouse model: suboptimal in vitro
culture interferes with imprint maintenance. Biol Reprod 2010;
83:938–950.

McDonald SD, Han Z, Mulla S, Murphy KE, Beyene J, Ohlsson A. Preterm
birth and low birth weight among in vitro fertilization singletons: a
systematic review and meta-analyses. Eur J Obstet Gynecol Reprod Biol
2009;146:138–148.

MEDDEV 93/42/EEC (1993) EU Council Medical Device Directive: http://
eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1993L0042:
20071011:en:PDF (2016, date last accessed).

MEDDEV 2.2/4 Guidelines for conformity assessment of In VitroFertilisation
(IVF) and Assisted Reproduction Technologies (ART) products (guidelines
that relate to CE marking of culture media): http://ec.europa.eu/health/
medical-devices/files/meddev/2_2_4_ol_en.pdf

MEDDEV 2.7.1(2003) Evaluation of clinical data: A guide for manufacturers
and notified bodies

MEDDEV 2.12-1 rev 8 Guidelines on a Medical Devices Vigilance System
(guidance on vigilance with specific reference to ART): http://ec.europa.
eu/health/medical-devices/files/meddev/2_12_1_ol_en.pdf (2016, date
last accessed).

Menezo Y, Lichtblau I, Elder K. New insights into human pre-implantation
metabolism in vivo and in vitro. J Assist Reprod Genet 2013;30:293–303.

Messerlian C, Maclagan L, Basso O. Infertility and the risk of adverse
pregnancy outcomes: a systematic review and meta-analysis. Hum
Reprod 2013;28:125–137.

Morbeck DA, Krisher R, Herrick J, Baumann N, Matern D, Moyer T.
Composition of commercial media used for human embryo culture.
Fertil Steril 2014a;102:759–766.

Morbeck DE, Paczkowski M, Fredrickson JR, Krisher RL, Hoff HS,
Baumann NA, Moyer T, Matern D. Composition of protein
supplements used for human embryo culture. J Assist Reprod Genet
2014b;31:1703–1711.

Nakashima A, Araki R, Tani H, Ishihara O, Kuwahara A, Irahara M,
Yoshimura Y, Kuramoto T, Saito H, Nakaza A et al. Implications of
assisted reproductive technologies on term singleton birth weight: an
analysis of 25,777 children in the national assisted reproduction registry
of Japan. Fertil Steril 2013;99:450–455.

Nelissen EC, Dumoulin JC, Busato F, Ponger L, Eijssen LM, Evers JL, Tost J, van
Montfoort AP. Altered gene expression in human placentas after IVF/ICSI.
Hum Reprod 2014;29:2821–2831.

O’Neill C. The potential roles for embryotrophic ligands in preimplantation
embryo development. Hum Reprod Update 2008;14:275–288.

Pandey S, Shetty A, Hamilton M, Bhattacharya S, Maheshwari A. Obstetric
and perinatal outcomes in singleton pregnancies resulting from IVF/ICSI:
a systematic review and meta-analysis. Hum Reprod Update 2012;
18:485–503.

Pantaleon M. The role of hexosamine biosynthesis and signaling in early
development. Adv Exp Med Biol 2015;843:53–76.

Pinborg A, Aaris Henningsen A-K, Malchau SS, Loft A. Congenital anomalies
after assisted reproductive technology. Fertil Steril 2013;99:327–332.

Pontessilli M, Painter RC, Grooten IJ, Van der Post JA, Mol BW,
Vrijkotte TGM, Repping S, Roseboom TJ. Subfertility and assisted
reproduction techniques are associated with poorer cardiometabolic
profiles in childhood. Reprod Biomed Online 2015;30:258–267.

Raatikainen R, Kuivasaari-Pirinen P, Hippelainen M, Heinonen S. Comparison
of the pregnancy outcomes of subfertile women after infertility treatment
and in naturally conceived pregnancies. Hum Reprod 2012;27:1162–1169.

Rinaudo P, Schultz RM. Effects of embryo culture on global pattern of gene
expression in preimplantation mouse embryos. Reproduction 2004;
128:301–311.

Romundstad LB, Romundstad PR, Sunde A, von Düring V, Skjærven R,
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