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Abstract

For fertility patients undergoing in vitro fertilization (IVF), blastocyst culture brings a number of potential advantages over laboratory
techniques leading to traditional cleavage-stage embryo transfer. Because day 2-3 embryos normally should transit the oviduct only, their
direct exposure to an intrauterine microenvironment is physiologically inappropriate. This mismatch is obviated by blastocyst transfer.
Moreover, the nutritional milieu inside the fallopian tube is not the same as within the endometrial compartment, a feature possibly
antagonistic to implantation when a day 2-3 embryo is placed directly within the uterus. Delaying transfer to day 5-6 may also improve
reproductive outcome by reducing risk of embryo expulsion, given increased myometrial pulsatility measured at day 2-3. However, rigid
reliance on a blastocyst culture approach will more often result in treatment cancellation due to embryo loss (no transfer), or having fewer
embryos for cryopreservation. The development of sequential media to support embryos in extended in vitro culture was a significant
laboratory refinement, since it enabled direct observation of embryos to improve transfer selection bias. This approach, in tandem with
blastocyst cryopreservation, leads to fewer embryos being transferred and reducing multiple gestation rate. This review discusses key
features of human blastocyst culture and its application in clinical reproductive medicine practice.
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=& Introduction

Extended in vitro embryo culture and blastocyst
transfer (BT) have emerged as essential components of
the advanced reproductive technology armamentarium,
permitting selection of more advanced embryos
considered best suited for transfer. Since the first IVF
birth in 1978, the optimal time to perform embryo
transfer (ET) has remained controversial. Cleavage
stage (day 2 or 3) ET was generally used in IVF and
became established as the usual laboratory approach.
This intentional placement of a day 2 or 3 embryo
directly into the uterine cavity was recognized as
non-physiologic, but there was little to offer as an
alternative due to the inability to sustain human
embryos in culture to the blastocyst stage. And, unlike
embryos derived from other primates, the human
embryo is reasonably tolerant of being prematurely
placed inside the uterus [1].

The “choice” to perform day 2 or 3 ET was therefore
merely a fortuitous default response to contemporary
technical challenges associated with extended in vitro
culture. However, with the advent of more sophisticated
sequential media, BT became a reality. A central tenet
in embryo culture began to be challenged by the 1990°s,
as traditional thinking assumed that mere blastocyst
formation was sufficient to signal development of viable
blastocysts [2, 3]. To validate this hypothesis it was
necessary to follow under direct observation the

developmental progress of many embryos. Early blasto-
cyst culture media was pioneered by incorporating
amino acids as an energy substrate, a discovery that
was perhaps the most significant laboratory reagent
achievement since the introduction of human tubal fluid
[4]. While the “sequential media” approach has not
necessarily resulted in higher blastocyst yield, it enabled
cultivation of blastocysts with improved implantation
potential [5].

As the benefits of BT continue to be widely debated
[6-8], the reality of clinical practice is that not all
patients are good candidates for BT. This is because it is
possible that after five days in culture, no embryo will
survive to the blastocyst stage and the IVF cycle will be
cancelled. Moreover, selection criteria for BT are
variable and there is no consensus on the appropriate-
ness of BT protocols applied specifically to patients
with multiple unsuccessful IVF cycles. In exceptional
cases, an IVF patient may even undergo both day 3
transfer and BT in the same cycle [9].

= IVF: Patients and Techniques

For many IVF patients, pituitary downregulation is
achieved with oral contraceptives and GnRH agonist,
followed by daily administration of gonadotropins.
We typically use a combined FSH+hMG protocol, with
dosing influenced by periodic ultrasound and serum
estradiol data. Treatment continues until adequate
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ovarian response is attained, defined as the maximum
potential number of follicles with mean diameter of
17 mm. Transvaginal sonogram-guided oocyte retrieval
is performed 36 hours after subcutaneous administration
of hCG. Immediately after retrieval oocyte-cumulus
complexes are placed into Universal IVF medium
(MediCult, Jyllinge, Denmark). Conventional insemi-
nation or intracytoplasmic sperm injection (Figure 1)
is carried out using this reagent under washed liquid
paraffin oil (MediCult, Jyllinge, Denmark). Fertilization
is assessed after 16—18 hours and is considered normal
when two distinct pronuclei are noted; embryos demon-
strating additional pronuclei are considered abnormal
and are not transferred (Figure 2). Culture is maintained
to day five in microdrops of BlastAssist media I and II
(MediCult, Jyllinge, Denmark) under washed paraffin
oil in a 5% CO; + 5% O, atmosphere at 95% humidity.
Embryos are assessed daily for cell number, fragment-
ation and compaction (Figure 3). Day five blastocysts
selected for in utero transfer should demonstrate a well-
defined inner cell mass and highly cellular, expanding
trophoectoderm (Figure 4). Blastocysts are loaded into
an embryo transfer catheter (K—Soft-5000 Catheter,
Cook Medical Inc., Spencer, Indiana, USA), for in utero
transfer no sooner than 120 hours post-fertilization.
At our institution, BT is done under direct transabdo-
minal sonogram guidance by a physician.
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Figure 3 — Well-developed day 2 embryo comprised
of four symmetric blastomeres and minimal frag-
mentation.

Figure 4 — Human blastocyst observed five days after
fertilization demonstrating appropriate zona thin-
ning, a well-defined inner cell mass (ICM), and even
trophectoderm (7).

= Discussion

Figure 1 — Intracytoplasmic sperm injection (ICSI)
can enable fertilization even in the setting of severe
impairments in semen parameters. In this image, the
mature (metaphase II) oocyte is indicated by the
presence of the first polar body (PB) just within the
zona pellucida (ZP).

e

Figure 2 — Three pronuclei (3pn) are noted within
the ooplasm after conventional (microdroplet) inse-
mination as a trapped sperm (S) is seen at the zona
pellucida.

Fertility patients not conceiving after several IVF
attempts typically face a difficult prognosis. The impact
of increased refractoriness to IVF on reproductive
outcome following BT has been studied among patients
with a history of repetitive failed day three embryo
transfers [10]. How best to guide medical decisions after
such multiple IVF failures is unclear [11] but in such
settings maternal endocrine, anatomic, immunologic,
infectious, and genetic parameters are usually investi-
gated [12]. Embryology and oocyte quality are known
to be central to recurrent IVF failure [13], yet how
specific follicular recruitment protocols influence
reproductive outcome remains difficult to verify. For
example, it has been proposed that adjustments to
controlled hyperstimulation regimens in IVF might
reduce embryo fragmentation and optimize gamete
quality [14] but there are no controlled studies to prove
this [15]. Indeed, comparisons of different IVF stimu-
lation regimens have not revealed any significant impact
on pregnancy rate [16, 17]. Selecting embryos for
transfer based on day 3 morphological criteria alone
may be inadequate, while extended in vitro culture can
help identify viable human embryos. Accordingly,
growing embryos out to blastocyst stage has been
advocated as one way to enhance implantation and
improve reproductive outcome [18].
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Attention has been focused on embryo genetics,
since the frequency of chromosomal abnormality is
probably higher in embryos from patients experiencing
multiple IVF failures [19]. Impaired implantation
associated with embryo aneuploidy renders implantation
failure as the most frequent cause of unsuccessful IVF
and places blastocyst nidation as a key rate-limiting step
in overall reproductive outcome [20, 21]. For example,
when pre-implantation genetic diagnosis (PGD) is
performed on embryos obtained from patients with
recurrent IVF failure, aneuploidy is more frequently
observed in the cycle that followed the first failure [22].
This has implicated a reduced capacity to produce
“high quality” embryos among patients with recurrent
IVF failure [23]. Given the paucity of robust evidence
supporting a beneficial effect of embryo biopsy in
the setting of multiple IVF failures [24, 25], BT has
emerged as an alternative to human embryo biopsy and
PGD [26].

To study this, data from blastocyst transfers were
reviewed to identify two fairly homogenous populations,
clinically similar except for the number of failed IVF
cycles at baseline (before BT treatment). Comparing
fertility patients between 2002 and 2007 (with no patient
ever having had BT before), a nearly six-fold increase in
BT utilization was noted. This was achieved with fewer
embryos being transferred per patient, on average, from
2002 to 2007. Clinical pregnancy rates were not signi-
ficantly different between the two patient groups, yet
the number of prior failed IVF cycles at baseline was
higher in the 2007 group [10]. While it cannot be known
what proportion of these patients would have conceived
if they had undergone another day 3 ET, they
nevertheless declined another day 3 ET perhaps because
this approach was identified with earlier IVF failure
[10]. Another report on reproductive outcomes among
“good prognosis” patients who had embryo transfers
either at cleavage-stage or blastocyst stage found a
significant difference in live-birth rate in favor of the
blastocyst group [27]. Again, patients with high
numbers of eight-cell embryos on day 3 may have
achieved pregnancy regardless of their embryo transfer
day. The meta-analysis noted that maintaining embryos
in laboratory culture until the blastocyst stage has not
been shown to lead to more pregnancies than regular
IVF (i.e., no blastocyst culture) [27].

Day 3 embryos or blastocysts have also been plated
above a layer of autologous endometrial cells to supply
growth factors as well as remove metabolic toxins,
imparting an in vifro environment in closer alignment
with actual physiologic conditions compared to
(synthetic) sequential media [28]. Interleukin-6 (IL-6) is
a crucial protein secreted by endometrial cells, and
seems to favor in vitro blastocyst development [29].
Observations of hormonal and embryonic regulation of
specific endometrial chemokines have suggested various
mechanisms inducing production of chemokines by
endometrial cells, thus contributing to the attraction
of specific leukocyte populations during the peri-
implantation phase [30].

These technical advances in human embryo culture
notwithstanding, an essential practical matter remains:
when to deploy extended embryo culture with a view to
perform blastocyst transfer. Even though some patients,
particularly those with a difficult prognosis, may
specifically seek blastocyst transfer, such refractory
cases are usually the least likely to have embryos of
sufficient robustness to permit extended culture and
blastocyst transfer. A minimum number of viable
embryos at day 2 or 3 may be set as a threshold for
considering extended culture, so that patients with
limited embryo numbers (i.e., <6) are scheduled for
day 3 transfer. While such guidelines can be useful, a
rigid formulaic approach to blastocyst transfer is
difficult to follow in clinical practice. For example,
some patients will accept the possibility of culture arrest
and “no embryo for transfer” if this provides insights
about prior IVF failure where day3 transfer was
offered. In this circumstance, an unsuccessful blastocyst
transfer attempt can at least yield some “closure” which
may, at a personal level, be necessary before some
patients can consider further fertility treatment incorpo-
rating donor gametes [31].

One potentially negative aspect of human blastocyst
culture has been the observation that monozygotic (MZ)
twinning may occur at a higher rate with extended
in vitro embryo culture [32], compared to traditional
day 3 ET. However, because MZ twins are an un-
common outcome both in assisted and natural con-
ceptions, the phenomenon presents important metho-
dological challenges for accurate study. Considerable
speculation has been offered to explain why MZ twins
might occur more often in assisted reproduction in
general, and more specifically, in extended culture for
blastocyst transfer. Some investigators have theorized
that prolonged in vitro culture could have a detrimental
impact on human embryos, particularly if glucose [33]
or calcium [34] disturbances affect the inner cell mass.
In contrast, more recent research has concluded that
concerns about MZ twinning should not be a factor to
discourage extended embryo culture for blastocyst
transfer, considering the higher pregnancy rate and
lower number of transferred embryos in BT cycles
compared to embryo transfers performed at earlier
developmental stages [35]. Indeed, findings derived
exclusively from single blastocyst transfer cycles
supported the opinion that blastocyst transfer does not
increase the probability for MZ twins [36].

In conclusion, BT can be helpful for younger
patients with multiple failed IVF cycles where day 3 ET
had been performed previously with no success.
Blastocyst culture has been one of the dramatic
advances in reproductive biology (along with impro-
vements in ovulation induction and embryo transfer
techniques) that have enabled sharp increases in
pregnancy/embryo transfer between 1994 and 2003
[37]. A comparative investigation of day 3 ET vs. BT in
similar patients (where other conditions are controlled),
while ideal, is extremely difficult to implement. It will
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be important to undertake further research emphasizing
embryo and blastocyst morphology to better define
which patients are best suited for BT, and how in vitro
culture conditions may be optimized.
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