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Blastocyst culture and transfer in clinical-assisted
reproduction
The Practice Committee of the American Society for Reproductive Medicine and the Practice
Committee of the Society for Assisted Reproductive Technology
Birmingham, Alabama
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rowing embryos in vitro to the blastocyst stage for assisted
eproduction offers several theoretical advantages over the
ransfer of cleavage stage embryos. These include [1] a
igher implantation rate, [2] a decrease in the number of
mbryos transferred, [3] the opportunity to select more via-
le embryos for transfer, [4] better temporal synchronization
etween embryo and endometrium at the time of embryo
ransfer, and [5] a longer time in culture that provides the
pportunity to perform preimplantation genetic diagnosis
PGD) when such is indicated (1–9).

Recent advances in our understanding of the dynamic
hysiology of early human embryos have led to the devel-
pment of culture systems now capable of yielding viable
lastocysts with greater consistency. Whereas most systems
nvolve two distinct media used sequentially (1, 10, 11),
thers use a single medium (12, 13).

Commercially available media provide the means for any
rogram to incorporate extended culture systems into its
reatment protocols. These guidelines review the published
iterature relating to the potential benefits, pitfalls, and risks
f blastocyst culture.

ESULTS FROM BLASTOCYST TRANSFER
t is difficult to separate the results of blastocyst transfer
rom the effects of different culture systems and patient
opulations among programs and trials. The results of an initial
andomized trial comparing the pregnancy and implantation
ates observed after transfer of cleavage or blastocyst-stage
mbryos in a good prognosis population (�10 follicles �12
m on day of hCG) revealed a higher implantation rate (fetal

eart per embryo transferred) after blastocyst transfer than
fter cleavage-stage embryo transfer (50.5% vs. 30.1%,
�.01) (14). However, subsequent trials have generated
onflicting results.

A meta-analysis has included 16 trials involving a total of
,121 cycles of assisted reproductive technologies (1,068
ay 2–3 transfer cycles and 1,048 day 5–7 transfer cycles)
15). Overall, no differences were observed in the clinical
regnancy rate (15 studies; odds ratio, [OR], 1.05; 95%
onfidence interval, [CI], 0.88–1.26) or the live birth rate (7
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CTs; OR, 1.03; 95% CI, 0.74–1.44) per randomized couple
etween the groups. The implantation rate for blastocysts
33%) was higher than for cleavage stage embryos (26%) but
id not result in higher clinical pregnancy and live birth rates
ecause more patients in the group randomized to extended
ulture had no embryos available for transfer (3.5% for day
–3 transfer vs. 10.1% for day 5–7 transfer). Surprisingly,
he overall multiple pregnancy rate (12 randomized control
rials [RCTs]; OR, 0.85; 95% CI, 0.63–1.13) and miscarriage
ate (10 RCTs; OR, 1.36; 95% CI, 0.91–2.02) also were not
ifferent between the two groups.

Six of the RCTs included in the meta-analysis compared
utcomes in populations of young women (age 33 years and
nder) having a good prognosis for success. Among these,
he clinical pregnancy rates achieved with blastocyst transfer
ere not significantly different from those achieved with

leavage stage embryo transfer (629 patients; OR, 1.06; 95%
I 0.83–1.34). However, two subsequent clinical trials con-
ucted in similar “good prognosis” patient populations ob-
erved that blastocyst transfer yielded higher pregnancy and
elivery rates than cleavage stage embryo transfer when
qual numbers of embryos were transferred (16, 17). The
ombined data from these more recent studies and the earlier
rials included in the meta-analysis support the conclusion
hat blastocyst transfer yields a significantly higher live birth
ate (29% for day 2–3 vs. 36% for blastocysts) in “good
rognosis” patient populations.

In unselected patient populations (14, 18–32) and among
ouples who have experienced one or more previous failed
ycles (33, 34), pregnancy rates and live-birth rates after
lastocyst transfer or cleavage stage embryo transfer are not
ignificantly different.

Blastocyst transfer has been evaluated in one RCT con-
ucted in a population of patients having no previous im-
lantation (34). Fifty-four patients who exhibited an ade-
uate ovarian response to gonadotropin stimulation and had
hree or more previous failed IVF cycles involving transfer
f day 2–3 embryos were randomized to receive another
leavage stage embryo transfer or blastocyst transfer. Al-
hough the clinical pregnancy rate per retrieval was higher in
hose who received a blastocyst transfer (21.7% blastocyst
s. 12.9% cleavage stage), the difference did not achieve
tatistical significance. The implantation rate also was higher
n the blastocyst transfer group (21.2% for blastocysts vs.

% for cleavage stage embryos). However, because some
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omen randomized to blastocyst transfer had no morula or
lastocyst available for transfer (even 7 days after retrieval),
he live birth rates per retrieval were not significantly differ-
nt between the two groups (10.3% cleavage stage vs. 13%
lastocyst).

OTENTIAL RISKS AND LIMITATIONS OF
LASTOCYST TRANSFER
here are several potential risks and limitations of blastocyst

ransfer. The lack of accepted criteria for predicting blasto-
yst development increases the risk of having no embryos to
ransfer despite observations of adequate development in
itro on day 2–3. There is some evidence to suggest that the
umbers of blastomeres (35–37), and the degree of fragmen-
ation observed on day 3 (38) correlate with the potential for
lastocyst formation. However, the ability to produce blas-
ocysts varies widely among patients, ranging from 0% to
lmost 100% (14). Consequently, the incidence of cancelled
mbryo transfers is significantly higher in patients random-
zed to extended culture (15).

Some studies in which sequential media were used and
hat observed high implantation rates for transferred blasto-
ysts also have reported a high rate of dizygotic twinning (up
o 50%) despite transfer of only two blastocysts. Overall,
ultiple pregnancy rates were not significantly different

etween groups receiving day 2–3 embryos or blastocysts.
mong studies that have reported the incidence of high order
ultiple pregnancies (three or more implanted embryos), the

ncidence for groups receiving cleavage stage embryos or
lastocysts also has not differed. An increased incidence of
onozygotic twinning (ranging from 2.7% [39] to 13.2%

40, 41]), possibly relating to alterations in the zona pellu-
ida and/or embryo hatching process during extended culture
42–44), remains a major drawback to routine blastocyst
ransfer for all ART patients.

Not surprisingly, patients randomized to blastocyst trans-
er have fewer embryos available for cryopreservation than
hose randomized to cleavage stage embryo transfer (15, 17).
he results achieved with conventional slow-freezing meth-
ds for blastocysts have varied widely (45). Together, the
ower number of surplus blastocysts available for cryo-
reservation (2.2 � 2.7 blastocysts vs. 4.2 � 4.1 day 2–3
mbryos) and the lower implantation rate of thawed blasto-
ysts might negate any benefits derived from blastocyst
ulture when cumulative pregnancy and delivery rates are
ompared (17). Vitrification, a method of rapid freezing, is
n alternative to conventional slow-freeze methods having
he theoretical advantage of providing better protection from
ryoinjury due to the formation of intracellular ice crystals.
itrification is currently under active investigation, and ad-
itional research aimed at improving and comparing differ-
nt methods of blastocyst cryopreservation is clearly needed.
lthough the success achieved with blastocyst cryopreser-

ation among centers has varied, those that perform ex- t

S90 ASRM Practice Committee Blastocyst culture and trans
ended culture also should have an established cryopreser-
ation program for surplus blastocysts.

A number of reports have raised concerns regarding the
ffects that longer durations of culture may have on the risks
f epigenetic mutations in offspring resulting from assisted
eproduction (46–50), although other studies appear reassur-
ng (51). The mechanisms via which culture media may
nfluence epigenetic modifications are unknown. Certain
omponents of the culture medium, such as the methionine
oncentration, have been implicated (52). Concerns about
he potential risks of extended culture, particularly using
edia with undefined components and/or concentrations,
erit careful consideration. Every effort should be made to

tandardize culture conditions and to evaluate the health of
he children derived from embryos exposed to extended
ulture.

UMMARY AND CONCLUSIONS
urrent data regarding blastocyst culture and transfer sup-
ort the following statements:

Reliable criteria to identify embryos destined to develop
to viable blastocysts in vitro have not been established.
In trials with unselected populations, the transfer of blas-
tocysts has not been shown to increase live birth rates
compared with those achieved with transfer of cleavage
stage embryos.
In trials with populations of good prognosis patients
(based on factors such as age, number, and quality of
embryos), the transfer of blastocysts has been observed to
yield higher live birth rates than those achieved with
transfer of equal numbers of cleavage stage embryos.
Cumulative live birth rates resulting from all transfers of
fresh and frozen embryos derived from a single ART
cycle may not be different after cleavage stage or blasto-
cyst transfer because extended culture yields fewer sur-
plus embryos and because the post-thaw survival rate for
frozen blastocysts is lower than that for cleavage stage
embryos.
In trials with populations of poor prognosis patients
(based on factors such as age, number, and quality of
embryos), blastocyst transfer does not increase and may
decrease live birth rates.
Transfer of multiple blastocysts results in a high multiple
pregnancy rate. Every effort should be made to perform
single blastocyst transfers in good prognosis patients.
Patients must be counseled that blastocyst culture may
increase the risk of monozygotic twinning.
Success with the cryopreservation of blastocysts varies
widely among programs.
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nly approved standard of practice or to dictate an exclusive course of
reatment. Other plans of management may be appropriate, taking into
ccount the needs of the individual patient, available resources, and insti-
utional or clinical practice limitations. This report was approved by the
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