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Abstract
Objective—To estimate if live birth in single blastocyst transfers is correlated with the number
of sibling supernumerary vitrified blastocysts (embryos not transferred) generated from that same
cycle.

Design—Retrospective cohort study.

Setting—A large academic ART clinic.

Patients—All single blastocyst transfers in 2010 of a SART grade ‘good’ embryo.

Interventions—None.

Main Outcome Measures—Implantation and live birth.

Results—655 single blastocyst transfers met inclusion criteria. Implantation occurred in 65%
and live birth in 54% of cycles. In chi-square analysis, patients with supernumerary vitrified
blastocysts had statistically higher implantation rate (65% versus 50%) and live birth rate (56%
versus 41%) when compared to patients without supernumerary blastocysts. Univariate logistic
regression demonstrated an increase in implantation (OR 1.09, 95%CI 1.03–1.15) and live birth
(OR 1.06, 95%CI 1.02–1.09) with increasing number of supernumerary blastocysts. Multivariate
logistic regression analysis demonstrated patient age and the number of supernumerary blastocysts
to be significantly associated with implantation and live birth.

Conclusion—The number of supernumerary vitrified blastocyst correlated positively with the
odds of implantation and live birth in good quality single blastocyst transfers. Patients with
supernumerary blastocysts are good candidates for single embryo transfer.
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Introduction
The ability to predict embryo implantation is clinically useful for counseling patients and in
determining the ideal number of embryos to transfer. Cycles with the highest implantation
potential are ideal cycles for single embryo transfer to minimize the risks of multi-fetal
gestation while maximizing the likelihood of pregnancy (1). It is well established that
embryo quality correlates with implantation potential (1–5). Supernumerary embryos are
excess embryos obtained during assisted reproductive technologies (ART) that are not
transferred in the fresh cycle in which they are generated. The presence of supernumerary
embryos for cryopreservation has been used as a marker of embryo quality and is an
independent predictor of implantation (2, 6–8). In cleavage-stage embryo transfers,
supernumerary embryo development to the blastocyst stage was more likely to occur in
cycles where the transferred embryos implanted (9). Cleavage-stage embryo transfers with
additional cryopreserved embryos were more likely to implant than similar grade embryo
transfer without supernumerary embryos available for cryopreservation (2).

There are gaps in the current knowledge about supernumerary embryos. The current
literature comes primarily from cleavage stage transfers. It is possible that the importance of
supernumerary embryos in predicting outcomes may not apply to blastocysts, which benefit
from a higher implantation rate as a result of improved embryo selection. The statistical
analyses in the current studies rely primarily on Chi-square statistics. While this has
demonstrated that the presence of supernumerary embryos is superior to the absence, this
statistical test does not allow to predict if the number of supernumerary embryos correlates
with ART outcomes or to control for important potential confounders in the analysis.
Finally, the current studies have been performed in multiple embryo transfer cycles. A single
embryo transfer study design would control for the actual number of embryos transferred.

While the absence or presence of supernumerary embryos is correlated to implantation, we
are not aware of any data examining the correlation of the number of supernumerary
embryos on implantation in single blastocyst transfers. The objective of this study was to
estimate if live birth in single blastocyst transfers was correlated with the number of sibling
supernumerary vitrified blastocysts generated from that same cycle. We hypothesized that
the number of supernumerary blastocysts available for vitrification would positively
correlate with implantation and live birth in single blastocyst transfers.

Materials and Methods
Study Design

This was a retrospective cohort analysis of 720 fresh, autologous single blastocyst embryo
transfer cycles during 2010. Since the quality of the actual embryo being transferred would
be a significant confounder in the implantation and live birth of each cycle, we limited to the
analysis to only embryos transferred which were scored as SART grade good in order to
control for embryo quality. These are embryos with an inner cell mass grade A and a
trophectoderm grade A or B. Of 720 single blastocyst transfers, 655 were transfers of a
SART grade ‘good’ embryo. Supernumerary blastocysts were defined as additional
blastocyst generated in that same fresh ART cycle that were not transferred and were of a
quality to be cryopreserved. Vitrification was performed in inner cell mass/trophectoderm
grade BB or better embryos. The study was performed at Shady Grove Fertility
Reproductive Science Center in Rockville, MD and was IRB approved.
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Patients
All patients who underwent a fresh autologous embryo transfer of a SART grade ‘good’
embryo during 2010 were included in that analysis. Additional subgroup analyses were done
on embryos that were expanded or hatched blastocysts with a grade A trophectoderm and
grade A inner cell mass, representing the highest quality embryos for transfer. The study
included elective single blastocyst transfers as well as patients with only a single blastocyst
available for transfer. Exclusion criteria included cycles with multiple embryos transferred,
donor-recipient cycles, frozen-thaw transfers, cleavage stage transfers, morula stage
transfers, and transfers of SART grade fair or poor blastocysts.

Stimulation protocol
Ovarian stimulation was accomplished with mixed FSH/LH protocols under GnRH
antagonist or GnRH agonist pituitary suppression as previously described (10). For most
patients, oral contraceptive treatment was initiated 19 days prior to stimulation. For GnRH
antagonist cycles, the antagonist (Ganirelix) was initiated when the lead follicle was 14mm
in size. During the last 3 days of oral contraceptives, 20 units of leuprolide acetate (Lupron)
was initiated in GnRH agonist cycles. The leuprolide acetate dose was decreased to 5 units
when ovarian suppression was confirmed. Ovarian stimulation was typically achieved with a
mixed protocol employing recombinant FSH and hMG. When the lead follicle was ≥18mm,
final oocyte maturation was triggered with 10,000 units of hCG or with 40 units of GnRH
agonist in some of the GnRH antagonist cycles. Oocyte retrieval occurred 36 hours later and
insemination was achieved with conventional IVF or ICSI as indicated. Ultrasound guided
embryo transfer was performed on day 5 or day 6. Serum hCG levels were assessed two
weeks after trigger injection and ultrasonographic confirmation of pregnancy was obtained
in all pregnant patients.

Embryo grading
All blastocysts were evaluated by an embryologist using a modification of the grading
system of Gardner and Schoolcraft (11, 12). The trophectoderm was assigned one of the
following grades: A- many cells organized in epithelium, B- several cells organized in loose
epithelium, C- few large cells. The inner cell mass was assigned one of the following grades:
A- numerous, tightly packed cells, B- several and loosely packed cells, C- very few cells.
Blastocyst expansion was assigned one of the following descriptors: Early- blastocele less
than half the blastocyst, Expanded- blastocele fills the blastocyst with thin zona, Hatched-
blastocyst has hatched out of the zona. Morula transfers were excluded from the analysis.
SART grade ‘good’ embryos were defined as AA or AB graded embryos (inner cell mass/
trophectoderm). Blastocysts were vitrified if the inner cell mass and trophectoderm were
grade B or better. In cycles where patients declined blastocyst vitrification for financial,
ethical, or religious reasons, the number of blastocysts meeting the quality to have otherwise
been vitrified was recorded.

Statistics
Chi-square analysis was used to compare implantation and live birth rates in patients who
had supernumerary vitrified blastocyst versus patients without supernumerary vitrified
blastocyst. Continuous parameters were compared using a Students T test or Mann-Whitney
rank sum test as appropriate. Univariate regression analysis was used to correlate the
number of supernumerary blastocysts with implantation and live birth in the sibling single
blastocyst transfer cycle. To control for other factors related to implantation, multivariate
regression analysis was performed to include age, body mass index, the number of
supernumerary vitrified blastocyst, and the stage, trophectoderm grade, and inner cell mass
grade of the single blastocyst that was transferred. The quality of the inner cell mass was
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controlled for in the inclusion criteria, since SART grade good embryos are inner cell mass
grade A. Statistical analysis was performed using SPSS version 17 (IBM, Armonk, NY) and
Vassar Statistics (vassarstats.net). A p-value of <0.05 was considered statistically
significant.

Results
Out of 720 single blastocyst transfers performed in 2010, there were 655 single blastocyst
transfers of a SART grade good embryo. The mean age was 32.0 ± 3.5 years. The
implantation rate for the cohort was 64% and the live birth rate was 54%. There were five
twin gestation live births (0.7%) and no high order multiple gestation births. The average
number of supernumerary vitrified blastocysts was 3.8 ± 2.9. There were no supernumerary
embryos available in 98 cycles (15%) and were therefore non-elective single blastocyst
transfers.

Chi-square analysis demonstrated that the implantation rate was significantly higher in
patients with supernumerary vitrified blastocyst versus those without (65% versus 50%,
p=0.01). Similarly, chi-square analysis demonstrated that the live birth rate was significantly
higher in patients with supernumerary vitrified blastocyst versus those without (56% versus
41%, p=0.01). Patients without supernumerary embryos were similar to patients with
supernumerary embryos in regard to age, BMI, and ART stimulation parameters (Table 1).
Similarly, the day of embryo transfer and the percentage of patients receiving a day 6
embryo transfer was similar between the two groups. All embryos transferred in both groups
were SART grade good with both groups having similar embryo expansion and ICM grades,
however patients with supernumerary embryos were more likely to have a grade A
trophectoderm in the actual embryo transferred (80.0% versus 60.2%, p<0.01). The
implantation and live birth rates demonstrated a strong linear correlation with the number of
supernumerary blastocysts (Figure 1 and 2). Univariate regression analysis demonstrated a
positive correlation with the number of supernumerary vitrified blastocyst and implantation
(OR 1.09, 95% CI 1.03–1.15) and live birth (OR 1.06, 95% CI 1.02–1.09). Multiple logistic
regression analysis showed age and the number of supernumerary vitrified blastocyst to be
significantly correlated with both implantation (p=0.04) and live birth (p=0.02) (Table 2).
The trophectoderm score of the transferred embryo was positively correlated to implantation
in the multiple regression analysis (OR 1.58, 95% CI 1.04–2.41). Embryo expansion and
BMI were not correlated with ART outcomes in the multiple logistic regression analysis.

To examine if the results held consistent in the best prognosis patients, a subgroup analysis
of 451 single blastocyst transfers of an expanded or hatching blastocyst with a grade A
trophectoderm and grade A inner cell mass was performed. The mean age was 32.0 ± 3.5.
The subgroup implantation rate was 67% and the live birth rate was 60%, demonstrating that
this was a very high prognosis subgroup. The average number of supernumerary vitrified
blastocyst was 4.3 ± 3.1. In this subgroup, univariate regression analysis demonstrated a
positive correlation with the number of supernumerary vitrified blastocyst and implantation
(OR 1.09, 95%CI 1.02–1.16) and live birth (OR 1.09, 95%CI 1.02–1.15). Multiple logistic
regression analysis controlling for age, BMI, and embryo stage demonstrated that the
number of supernumerary vitrified blastocyst was significantly correlated with both
implantation (p=0.02) and live birth (p=0.02).

Discussion
These data demonstrate that the number of supernumerary embryos was positively
correlated to both implantation and live birth in single blastocyst transfers. Even when
analyzing only patients receiving the highest quality blastocyst for embryo transfer, the
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number of supernumerary blastocysts was still a positive predictor of clinical outcomes.
Patients with supernumerary embryos were able to achieve high success rates without the
need to transfer additional embryos. Single embryo transfer can reduce the risk of multiple
gestation and allow for an increase number of vitrified embryos for future frozen-thaw
cycles (1). These data are consistent with a recent publication demonstrating that single
blastocyst transfers with cryopreserved embryos had a higher live birth rate than single
blastocyst transfers without cryopreserved embryos (75% versus 48%) (13). These data are
also consistent with a national database study demonstrating that the presence of
supernumerary embryos was a surrogate marker of embryo quality for the actual embryo
transferred (2). The data in this current study furthered this knowledge by demonstrating that
not only the presence of supernumerary embryos but also the number of those embryos is
correlated to ART outcomes and that this correlation persists regardless of the quality of the
actual embryo being transferred or the age of the patient.

Historically, implantation rates in ART have been low for individual embryos. In an effort to
overcome this deficit and improve the chance of pregnancy, multiple embryos have been
transferred. As a consequence of this practice, ART carries a significant risk of multiple
gestation. Multiple gestation pregnancies are inherently at higher risk than singleton
pregnancies to both mother and fetus. Maternal risks of multiple gestation pregnancies
include pre-eclampsia, gestational diabetes, gestational hypertension, maternal hospital
admission and cesarean delivery, while those risks to the neonate involve prematurity,
neonatal intensive care unit admission, low birth weight, and increased morbidity and
mortality (14).

Even with multiple studies demonstrating the risks of multiple gestation, the United States
lags behind in adoption of elective single embryo transfer (15, 16). Barriers to acceptance of
single blastocyst transfers vary between patients and providers. In one study, the most
common reason for providers to not accept single embryo transfer were perceived
suboptimal success rates with cryopreservation, lack of a protocol to implement single
embryo transfer, and not perceiving twins pregnancies as a complication (17). Among
patients, common barriers to single blastocyst transfers included not perceiving that twin
pregnancies were a complication, absence of a reimbursement system which favors single
blastocyst transfers, perceiving the chance of pregnancy as a more important factor than the
risk of multiple gestation, and inadequate options to select couples suitable for single
blastocyst transfers (18). The data from this present study may help encourage patients with
supernumerary blastocysts to proceed with elective single blastocyst transfers, rather than
transferring additional available blastocysts.

The strengths of the current paper were the use of multiple logistic regression in single
blastocyst transfers and this design allowed us to address the weaknesses of prior studies.
Specifically, the use of regression analysis clearly demonstrated the correlation between the
number of supernumerary vitrified blastocysts and ART clinical outcomes. Further, the use
of multiple logistic regression analysis allowed this data to be controlled for other significant
predictors of implantation and live birth, such as the age of the patient and the quality of the
actual embryo being transferred. The quality of the trophectoderm was significantly
associated with implantation and there was a trend towards an association with live birth.
These findings are consistent with recent evidence correlating the trophectoderm grade with
ART outcomes (19–21) Patients with supernumerary embryos were more likely to have an
embryo transferred with a trophectoderm grade A, which could potentially bias the results in
favor of patients with supernumerary embryos. However, when the trophectoderm grade was
included in the multiple regression analysis, the number of supernumerary embryos
remained highly correlated with live birth. All of the transferred embryos had an inner cell
mass grade A, so correlations with inner cell mass and ART outcomes could not be
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evaluated. Weaknesses of this paper include the low number of embryos that were of poor
quality. This design was employed to control for the quality of the embryo being transferred.
These data represent good prognosis patients who are likely to achieve pregnancy from
single blastocyst transfer and may not apply to poorer prognosis groups.

In conclusion, these data demonstrated for the first time that the number of supernumerary
blastocysts available for cryopreservation positively correlate with both implantation and
live birth. The data provide further evidence that the quality of the overall embryo cohort
have an impact on the reproductive potential of the actual embryo transferred, even if that
embryo is of the highest quality. Patients with two or more supernumerary embryos had a
live birth rate over 50% from single blastocyst transfers. The excellent clinical outcomes in
this cohort suggest that patients with supernumerary blastocyst are good candidates for
elective single embryo transfer.
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Figure 1.
Scatter plot with linear trend line showing the implantation rate versus the number of
supernumerary vitrified blastocysts.
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Figure 2.
Scatter plot with linear trend line showing the live birth rate versus the number of
supernumerary vitrified blastocysts.
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Table 1

Baseline characteristics and stimulation parameters between patients without and with supernumerary
embryos.

No supernumerary embryos (n=98) Yes supernumerary embryos (n=557) P value

Age 32.4 ± 3.4 31.9 ± 3.4 0.23

BMI 25.3 ± 5.1 24.5 ± 5.1 0.2

Amount of gonadotropins administered (IUs) 2736 ± 1462 2830 ± 1462 0.58

Estradiol on day of hCG (pg/ml) 2830 ± 1597 2736 ± 1094 0.97

Oocytes retrieved 17.6 ± 8.2 18.7 ± 8.2 0.26

MIIs retrieved 14.4 ± 6.8 15.3 ± 6.8 0.24

Fertilized oocytes 11.0 ± 5.2 12.0 ± 5.2 0.19

Day 6 transfers (%) 20.40% 16.50% 0.43
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Table 2

Multiple logistic regression analysis looking at correlations to implantation and live birth with variables of
BMI, age, supernumerary vitrified blastocysts, and the quality of the transferred embryos expansion stage, and
TE grade. Age, supernumerary vitrified blastocysts, and TE grade were significantly correlated with ART
outcomes.

Variable
Implantation Live Birth

P Value Odds Ratio (95% CI) P Value Odds Ratio (95% CI)

Age 0.03 0.95 (0.90–0.99) 0.03 0.95 (0.91–0.99)

Vitrified Embryos (n) 0.04 1.07 (1.01–1.13) 0.02 1.07 (1.01–1.14)

Transferred embryo TE grade 0.03 1.58 (1.04–2.41) 0.11 1.40 (0.93–2.13)

BMI 0.08 0.94 (0.84–1.01) 0.1 0.98 (0.95–1.01)

Transferred embryo stage 0.86 1.04 (0.70–1.53) 0.59 1.11 (0.76–1.63)
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