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Abstract
Purpose The purpose of this study was to undertake a review
of the available evidence comparing the use of a single medi-
um versus sequential media for embryo culture to the blasto-
cyst stage in clinical IVF.
Methods We searched the Cochrane Central, PubMed,
Scopus, ClinicalTrials.gov, Current Controlled Trials and
WHO International Clinical Trials Registry Platform to iden-
tify randomized controlled trials comparing single versus se-
quential media for blastocyst culture and ongoing pregnancy
rate. Included studies randomized either oocytes/zygotes or
women. Eligible oocyte/zygote studies were analyzed to as-
sess the risk difference (RD) and 95 % confidence intervals

(CI) between the two media systems; eligible woman-based
studies were analyzed to assess the risk ratio (RR) and 95 %
CI for clinical pregnancy rate.
Results No differences were observed between single and se-
quential media for either ongoing pregnancy per randomized
woman (relative risk (RR) = 0.9, 95 % CI = 0.7 to 1.3, two
studies including 246 women, I2 = 0 %) or clinical pregnancy
per randomized woman (RR = 1.0, 95 % CI = 0.7 to 1.4, one
study including 100 women); or miscarriage per clinical preg-
nancy: RR = 1.3, 95 % CI = 0.4 to 4.3, two studies including
246 participants, I2 = 0 %). Single media use was associated
with an increase blastocyst formation per randomized oocyte/
zygote (relative distribution (RD) = +0.06, 95% CI = +0.01 to
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+0.12, ten studies including 7455 oocytes/zygotes, I2 = 83 %)
but not top/high blastocyst formation (RD = +0.05, 95 %
CI = −0.01 to +0.11, five studies including 3879 oocytes/zy-
gotes, I2 = 93%). The overall quality of the evidence was very
low for all these four outcomes.
Conclusions Although using a single medium for extended
culture has some practical advantages and blastocyst forma-
tion rates appear to be higher, there is insufficient evidence to
recommend either sequential or single-step media as being
superior for the culture of embryos to days 5/6. Future studies
comparing these two media systems in well-designed trials
should be performed.
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Extended . Blastocyst

Introduction

The evolution and optimization of culture media that sustain
embryo viability and development in vitro have played vital
roles in the improvement of the assisted reproductive technol-
ogies and the associated increases in pregnancy rates over
time. There are now numerous commercial culture media
available, which raise the question as to whether any one
medium or media system is superior to any other. In addition,
increased access to infertility interventions worldwide has re-
sulted in the expansion of IVF laboratories and expertise in
embryology, all of which would benefit from global guidance
on this issue. Although several studies have been conducted to
investigate the comparison of single versus sequential media,
few well-designed randomized controlled trials have been per-
formed, and interpretation of study findings is inevitably con-
founded by IVF laboratory and patient population heteroge-
neities. Therefore, we performed this systematic review in an
attempt to determine whether there is sufficient evidence to
prove that one culture medium system for culturing human
embryos is superior to another. Unlike a recent Cochrane
Review that also evaluated the efficacy of various media
for culturing human preimplantation embryos [1], this
present review is focused exclusively on comparing sin-
gle versus sequential media for culturing embryos to the
blastocyst stage.

Culture media to support embryo development to the blas-
tocyst stage have been based on two distinct approaches: the
Bback to nature^ sequential approach and the Blet the embryo
choose^ single medium approach [2–4]. Initial attempts of
culturing human embryos to the blastocyst stage in a simple
single-step media (Earle’s balanced salt solution, T6 medium
or MEM) resulted in disappointingly low implantation and
pregnancy rates [5–8].

The first reports of a reliable approach for successful ex-
tended culture of human embryos depended upon a sequential

culture media system, which was designed to meet identified
changing metabolic and nutritional requirements of the devel-
oping embryo from day 1 through to day 5 or 6 [9–12]. With
this sequential media approach, embryos are grown from days
1–3 in a first growth medium and then, at the cleavage stage
on day 3, are moved to a second medium (a Bblastocyst^
medium). The goal with this approach is to expose the embry-
os to stage-specific media, designed to reflect observed chang-
es in concentrations of pyruvate, lactate, and glucose in the
Fallopian tube versus the uterus [11].

Shortly after the development of this first sequential media
system [13], there was a renewed interest in the use of a single
medium to support development of the embryo during the
preimplantation period from days 1 through days 5/6. The first
of these single media was potassium simplex optimization
(KSOM) medium, originally developed to grow mouse em-
bryos in vitro [14], but which was subsequently proven capa-
ble of supporting culture of human embryos [15, 16]. Single
culture media aim at allowing developing embryos to choose
the nutrients they require, while at the same time minimizing
stress from exposure to an abrupt change in their culture en-
vironment on day 3. However, single media may be used in a
two-step culture, with a medium change on day 3, or in a
single-step uninterrupted culture, in which there is no medium
replenishment on day 3 [17].

The comparative performance of single and sequential cul-
ture media has attracted increased attention, and numerous
new generation single media have become available, chal-
lenging the necessity of sequential media for extended embryo
culture. Available data suggest that both types of media
seem to provide adequate support to the developing em-
bryo [3]. However, the clinical efficiency and safety of
single versus sequential media are still unclear; the stud-
ies that have been performed to date indicate the need
for a review of the best available evidence to facilitate a
more robust conclusion.

Our objective was to identify, appraise, and summarize the
available evidence comparing the efficacy and safety of em-
bryo culture in a single medium with the outcomes of culture
in sequential media in women undergoing in vitro fertilization
(IVF) treatment with or without the use of intracytoplasmic
sperm injection (ICSI). A preliminary analysis was presented
during a World Health Organization consultation in order to
support its development of global guidance and subsequently
updated and revised as requested during consensus.

Materials and methods

Protocol and registration

The protocol for this review was registered at PROSPERO
(CRD42015023942).
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Eligibility criteria

Only randomized controlled trials (RCTs) comparing sequen-
tial versus single media for blastocyst culture were considered
eligible, regardless of whether or not the single medium was
renewed on day 3 (i.e., whether a fresh, new drop of the same
medium was used for culture from day 3 to day 5). We includ-
ed studies that randomized either oocytes/zygotes or women;
however, the studies were analyzed separately as an oocyte/
zygote-based review and a woman-based review. As the focus
of this review was to compare results of these two me-
dia systems on outcomes following extended culture to
the blastocyst stage, studies comparing single versus se-
quential media culture for fertilization/cleavage were not
considered eligible.

Information sources

We searched for RCTs in the following electronic databases
from their inception: Cochrane Central Register of
Controlled Trials (CENTRAL), PubMed, and Scopus.
We searched for study protocols and ongoing trials in
the following trials registers: ClinicalTrials.gov (www.
clinicaltrials.gov); Current Controlled Trials (www.
controlled-trials.com/isrctn/); and World Health
Organization International Clinical Trials Registry Platform
(WHO-ICTRP) (www.who.int/trialsearch/Default.aspx). We
searched for conference proceedings in Web of Science
(http://apps.webofknowledge.com/). The following terms
were used, adjusting for each database as necessary:
(sequential OR two-step) AND (continuous OR single OR
single-step OR monoculture) AND (culture OR media OR
medium) AND (embryo OR blastocyst OR IVF OR
Bin vitro fertilization^ OR ICSI OR Bintracytoplasmic sperm
injection^). Additionally, we hand-searched the reference list
from included trials and similar reviews.

Study selection

The records were screened independently by two of the au-
thors (PAN and IGRV) and full texts were obtained when
necessary; disagreements were solved by consulting two other
authors (WPM and IAS). Authors corresponded with study
investigators to clarify study eligibility when required. There
was no limitation regarding language, publication date, or
publication status.

Data collection process

We extracted data from included studies using a data extrac-
tion form designed and pilot-tested by the authors. We
corresponded with study investigators in order to solve any
query, as required. Data was extracted independently in a

standardized manner by two authors (PAN and IGRV) and
checked by another (CON); disagreements were solved by
consulting another author (WPM). Where trials had multiple
publications, the main trial report was used as the reference
and additional details were supplemented from secondary
sources.

Data items

Data were sought for the following variables: country, funding
sources, conflicts of interest, period of enrollment, inclusion
criteria, exclusion criteria, media used, number of women in-
cluded, number of oocytes included, number of embryos
transferred, and age of participants.

For the woman-based review, the primary outcome of ef-
fectiveness was live birth per randomized woman. Where live
birth was not reported, ongoing pregnancy (clinical pregnancy
with reduced chance of miscarriage, usually above 10–
16 weeks) was used as a surrogate. The primary outcome for
safety was planned to be congenital anomaly per clinical preg-
nancy; however, no study reported this outcome. As second-
ary outcomes, we evaluated clinical pregnancy per woman
randomized and miscarriage per clinical pregnancy.

For the oocyte-based review, the primary outcome was the
number of embryos that developed to the blastocyst stage
(D5-6) per oocyte or zygote randomized. For secondary out-
comes, we evaluated the proportion of embryos that devel-
oped into top/high quality blastocysts (D5-6); both outcomes
were calculated per oocyte or embryo randomized. Authors
were contacted to obtain missing data; no assumptions were
made when data were not obtainable.

Risk of bias in individual studies

Two authors (PAN, IGRV) independently assessed the includ-
ed studies for the risk of selection bias (random sequence
generation and allocation concealment); performance bias
(blinding of participants and personnel); detection bias
(blinding of outcome assessors); attrition bias (incomplete
outcome data); reporting bias (selective outcome reporting);
and other potential sources of bias (e.g., difference in the
number of embryos transferred, age of participants, co-inter-
ventions, early stopping). The risk of bias was checked by a
third author (CON) and disagreements were solved by con-
sulting another author (WPM). Blinding was considered to be
an important source of detection bias in the oocyte-based re-
view; however, it was not considered to influence the repro-
ductive outcomes in the woman-based review. To judge the
risk of bias, we followed the Cochrane Collaboration’s criteria
for judging risk of bias [18]: the trials were classified as being
at Blow,^ Bhigh,^ or Bunclear^ risk of bias.
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Summary measures

The differences observed between culture media were sum-
marized as risk ratio (RR) for the clinical outcomes and as risk
difference (RD) for the laboratory outcomes; the precisions of
the estimates were evaluated by the 95 % confidence intervals
(CI). We considered the clinical relevance of all comparisons
taking into account the precision of the estimates.

Synthesis of results

The results were combined for meta-analysis using Review
Manager 5.3 (Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014) in a random-effects model
because the intervention varied among the studies.
Heterogeneity was assessed by the I2 statistic. The data from
primary studies comparing BSingle media^ versus BSequential
media^ were combined. An increase in the risk of a particular
outcome associated with Single media, which may be benefi-
cial (e.g., live birth) or detrimental (e.g., miscarriage), was
displayed graphically in the meta-analyses to the right of the
center line and a decrease in the risk of an outcome to the left
of the center line.

Risk of bias across studies

In view of the difficulty of detecting and correcting for publi-
cation bias and other reporting biases, the authors attempted to
minimize their potential impact by ensuring a comprehensive
search for eligible studies and by being alert for duplication of
data.

Additional analyses

Any observed heterogeneity was taken into account in the
interpretation of the estimates. Subgroup analysis was per-
formed by separating the studies with media renewal from
those without media renewal in the single media group.

Overall quality of the evidence

We considered the limitations of included studies (e.g., high
risk of bias), inconsistency of effect, imprecision, indirectness,
and publication bias [19]. Judgments about the quality of evi-
dence were justified, documented, and incorporated into the
reporting of results for each outcome. The quality of evidence
for each outcome was evaluated using the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) working group recommendations: High =We are
very confident that the true effect lies close to the observed in
this review; Moderate =We are moderately confident in the
effect estimate: The true effect is likely to be close to the ob-
served in this review, but there is a possibility that it is

substantially different; Low =Our confidence in the effect esti-
mate is limited: The true effect may be substantially different
from the observed in this review; Very low =We have very little
confidence in the effect estimate: The true effect is likely to be
substantially different from the observed in this review.

Results

Study selection

The last electronic search was run on February 20, 2016 and a
total of 528 records were retrieved: CENTRAL = 24;
PubMed = 133; Scopus = 195; Web of Science = 164;
ClinicalTrials = 11; ISRCTN= 1; WHO ICTRP = 0. From the
528 records, we excluded 508 records after reading titles and
abstracts: 145 were duplicates and 363 clearly did not meet the
eligibility criteria. We further examined 23 studies for eligibility:

– A total of three studies were excluded: Two studies used
Fertilization and then CleavageMedium and not a system
for Cleavage and then Blastocyst [20, 21], and one study
was excluded because a different oxygen tension was
used in the different groups [22].

– A total of 20 studies were included in this review: Ten
studies that randomized oocytes/zygotes [23–32] and two
studies that randomized women [33, 34] were included in
the forest plots; however, six studies that randomized
oocytes/zygotes [35–40] and two studies that randomized
women [41, 42] were not included in the forest plots
because it was not possible to extract data for the meta-
analyses.

Study characteristics

Themain characteristics of the included studies are reported in
Table 1.

Risk of bias within studies

From the 20 studies included, only two were deemed to be at
low risk of bias in every domain [34, 35]. For nine studies, the
information retrieved from the publications and from
contacting the authors was insufficient for a complete assess-
ment of the risk of bias; they were therefore deemed to be at
unclear risk of bias [23, 25–28, 31, 38–40]. Nine studies were
deemed to be at high risk of bias in at least one domain. One
was considered at high risk of selection bias because the allo-
cation was not properly concealed [29]; three were at risk of
detection bias because the embryologist who assessed the em-
bryo characteristics was not blinded to the allocation [30, 32,
37]; three were at high risk of attrition bias because of loss of
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participants [33] or because not all embryos were followed up
until the blastocyst stage [24, 36]. All the included studies
were judged to be at low risk of reporting bias, and two studies
were judged to be at high risk of other bias: one study because
only preliminary results were published [41] and another
study because two types of incubators were used and it is
unclear whether the distribution of the embryos in each group
was similar or not [42]. The judgments and explanations re-
garding the risk of bias of the included studies are reported in
Supplemental Table 1.

Results of individual studies

The results of the individual studies included in meta-analyses
are presented in the forest plots (Figs. 1, 2, and 3 and
Supplemental Figures 1 and 2). The main conclusions of all
studies are reported in Table 1.

Synthesis of results

No differences were observed between single and sequential
media for ongoing pregnancy per randomized woman (rela-
tive risk (RR) = 0.9, 95 % CI = 0.7 to 1.3, two studies includ-
ing 246 women, I2 = 0 %), clinical pregnancy per randomized
woman (RR = 1.0, 95 % CI = 0.7 to 1.4, one study including
100 women), or miscarriage per clinical pregnancy: RR = 1.3,
95 % CI = 0.4 to 4.3, two studies including 246 participants,
I2 = 0 %). Single media use was associated with an increase in
blastocyst formation rate per randomized oocyte/zygote (rela-
tive distribution (RD) = +0.06, 95 % CI = +0.01 to +0.12, ten
studies including 7455 oocytes/zygotes, I2 = 83 %) but not in
top/high blastocyst formation (RD = +0.05, 95 % CI = −0.01
to +0.11, five studies including 3879 oocytes/zygotes,
I2 = 93 %). The pooled results for the outcomes evaluated by
this review are presented in Figs. 1, 2, and 3, Supplemental
Figures 1 and 2, and Table 2.

Risk of bias across studies

A funnel-plot analysis was performed to assess publication
bias for blastocyst formation, the only outcome with at least
10 included studies; this analysis was not suggestive of pub-
lication bias (Supplemental Figure 3).

Discussion

In the present meta-analysis, we evaluated the available evi-
dence regarding the comparative efficacy and safety of cultur-
ing embryos to the blastocyst stage in a single medium versus
in a sequential media system. As health care systems world-
wide expand access to fertility care services with development
or enhancement of their IVF centers, this analysis can help
guide the adaptation of best practice culture technologies into
their operating procedures if options for extended culture to
the blastocyst stage are feasible. In this review, we show that
there is currently insufficient evidence to support the superi-
ority of either of the two media systems for extended embryo
culture to blastocyst stage when considering ongoing
pregnancy rates. However, increased blastocyst formation
rates were associated with use of single media as compared
to sequential. Notably, the overall quality of evidence for all
outcome measures was considered to be very low and the best
interpretation is that we remain very uncertain about which
media system is better in this comparison.

The majority of the included studies had methodological
limitations such as unclear randomization and concealment,
sample sizes that were small or absence of a power calcula-
tion. In addition, some studies randomizing oocytes/zygotes
had reported outcomes as percentages per participant, thereby
preventing data extraction for quantitative analysis. Studies
randomizing sibling oocytes or zygotes from a woman’s co-
hort were considerablymore numerous but were characterized
by high heterogeneity, with several different culture media
being compared. In addition, a major limitation of such sibling
oocyte/zygote studies is that they were designed to compare
embryo-related outcomes, such as embryo quality and
blastocyst formation rates; thus, they have an inherent
inability to provide reliable information on important
clinical reproductive outcomes, such as implantation,
pregnancy, live birth, and miscarriage. These outcomes
can only be addressed by prospective RCTs that ran-
domize the women participants.

Strikingly, only two RCTs were eligible for the women-
based review: one older, peer-reviewed study from 2002 and
one published only in abstract form [33, 34]. Both of these
studies reported ongoing pregnancy rates, while only one of
them [34] reported early miscarriage; neither of them reported

Fig. 1 Forest plot for ongoing pregnancy per randomized woman
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live birth rates. Clearly, RCTs with women as the randomiza-
tion unit are currently very scarce for this comparison.
Nevertheless, the similar reproductive outcomes may suggest
that single and sequential media are equally able to support
human embryo development in vitro, but the lack of good
quality evidence makes solid conclusions regarding the
superiority of one system over the other impossible at present.

The studies from the oocyte-based review showed a slight
beneficial effect of the single medium in yielding more blas-
tocysts as compared to sequential media (Fig. 2), without any
evident effect on blastocyst quality (Fig. 3). Given the ob-
served higher blastocyst formation rate, a putative advantage
of a single medium over sequential media requires confirma-
tion by studying cumulative pregnancy rates from all embryos

Fig. 2 Forest plot for blastocyst formation per randomized oocyte/zygote

Fig. 3 Forest plot for high-/top-quality blastocyst formation per randomized oocyte/zygote
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derived from a single cohort of oocytes. Since higher
blastocyst formation may equate to more blastocysts be-
ing cryopreserved, data from subsequent frozen embryo
transfer cycles would greatly enhance our understanding
regarding the comparative efficiency of these two media
systems on blastocyst viability. However, such studies
are currently lacking.

In this context, it is important to differentiate between the
formation of blastocysts and the development of viable blas-
tocysts. It has been proposed that the ability of a par-
ticular culture medium to give rise to a high percentage
of blastocysts does not necessarily mean that such blas-
tocysts are viable or that they have the developmental
competence to implant and sustain a pregnancy [13].
Earlier efforts to culture human embryos to the blasto-
cyst stage in less sophisticated media resulted in accept-
able blastocyst formation rates but very low pregnancy
rates [5–8], indicating that human embryos are capable
of developing in diverse culture media, not all of which
appear to generate viable embryos with a capacity to
implant and result in a pregnancy. The adaptability of
human embryos to varying culture conditions has
prompted investigation and discussions regarding possi-
ble downstream long-term effects of single versus se-
quential culture on pregnancy outcome and offspring
phenotype [43–47].

Indeed, there is some evidence to suggest that the culture
environment may affect embryo development, fetal
growth, birthweight, and perinatal outcome [47–56], al-
though the majority of these studies have design short-
comings and/or are limited by sample size. Importantly,
follow-up of children born following embryo culture in
either single or sequential media was not reported in
any of the studies included in the present meta-analysis.
Of note, the World Health Organization has supported
the request to adhere to the IMPRINT CONSORT-based
guidelines that recommend RCTs include live birth and
neonatal outcome [57, 58].

Whether a single medium should be renewed on day 3 is an
important consideration [3, 17]. Previous evidence from ani-
mal [59] and human studies [15, 33, 60] suggests that embryo
quality and blastocyst development are similar when single
media are used in either a continuous (i.e., non-renewed) or
interrupted (i.e., renewed) fashion. In the majority of the stud-
ies included in the oocyte-based review presented here, the
single medium was renewed, while only two studies clearly
employed uninterrupted continuous culture. Interestingly,
subgroup analysis revealed that the overall significant benefit
of a single medium on blastocyst formation was not observed
when there was no medium renewal on day 3. However,
we cannot exclude the possibility that the beneficial
effect would have been maintained if more studies had
been available for analysis.

One potential concern with not renewing medium on day 3
is the possible build-up of ammonium caused by breakdown
of amino acids, particularly glutamine. However, when used
in its stable dipeptide form (either L-alanyl-L-glutamine or
glycyl-L-glutamine), ammonium release is minimal. Of note,
the two trials included in our review in which the single me-
dium was not renewed [23, 30], did indeed, contain the stable
dipeptide form of glutamine. Moreover, a recent study also
using a single medium containing the dipeptide form of glu-
tamine showed no difference in blastocyst formation rate
when embryos were cul tured in renewed versus
non-renewed medium [60]. Continuous uninterrupted
culture without media renewal confers several potential
advantages, including sustained presence in the medium of
embryo-secreted autocrine/paracrine factors and the possible
reduced stress to the embryo during transfer from one dish
to another.

Use of a single medium as compared with a sequential
media system has several practical advantages including a
reduction in the possibility of unintentional handling errors,
a reduction in staff labor and costs related to quality testing,
and an overall reduction in the costs of consumables, particu-
larly if the medium is not renewed on day 3 [3, 36, 61]. In
lower resource settings or in any setting addressing cost, a
single medium could infer distinct economic advantages.
Moreover, compatibility with time-lapse systems is undoubt-
edly a significant benefit and a key reason for the increasing
popularity of continuous single medium protocols [20, 35, 40,
60]. Of note, however, current evidence does not suggest a
clear benefit of using time-lapse for embryo selection, and
these systems generally increase the overall cost of the IVF
procedure [62].

In conclusion, there is insufficient evidence to recommend
either sequential or single-step media as being superior for the
culture of embryos to day 5/6. Very low quality evidence from
two RCTs indicates that there is no difference in ongoing
pregnancy rates with embryos cultured to the blastocyst stage
in a sequential versus a single medium system. Low/very low
quality evidence from ten RCTs in which oocytes/zygotes
were randomized indicates that there is an increased rate
of blastocyst formation following culture in single me-
dium, particularly if the medium is used in a two-step
fashion with renewal on day 3. Whether this translates
into a higher cumulative pregnancy rate after use of all
embryos in a cohort remains to be determined.
Nevertheless, using a single medium for extended
culture has some practical advantages. Future studies
should be performed that compare these two media systems
in well-designed trials with outcome indicators that include
clinical pregnancy, live birth, and neonatal outcome. Until
there is a clear benefit of single or sequential media, each
IVF laboratory should identify which system performs best
in their own setting.
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