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Abstract
Objective Prior studies have validated the ability of the
SART embryo scoring system to correlate with outcomes
in cleavage stage embryo transfers. However, this scoring
system has not been evaluated in blastocyst transfers. The
objective of this study was to estimate the correlation be-
tween the simplified SART embryo scoring system and ART
cycle outcomes in single blastocyst transfers.
Materials and methods All fresh, autologous single blasto-
cyst transfers cycles from a large ART center from 2010
were analyzed. Blastocysts were given a single grade of
good, fair, or poor based upon SART criteria which com-
bines the grading of the inner cell mass and trophectoderm.
Multiple logistic regression assessed the predictive value of
the SART grade on embryo implantation and live birth.
Results Seven hundred seventeen fresh, autologous single
blastocyst transfers cycles were included in the analysis. The
live birth rate was 52 % and included both elective and non-

elective SBT. Chi square analysis showed higher live birth in
good grade embryos as compared to fair (p=0.03) and poor
(p=0.02). Univariate binary logistic regression analysis
demonstrated SART embryo grading to be significantly
correlated with both implantation and live birth (p<0.01).
This significance persisted when patient age, BMI, and the
stage of the blastocyst were controlled for with multiple
logistic regression. In five patients with a poor blastocyst
score, there were no live births.
Conclusion These data demonstrate that the SART embryo
scoring system is highly correlated to implantation and live
birth in single blastocyst transfers. Patients with a good
grade embryo are excellent candidates for a single blastocyst
transfer.
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Introduction

Predicting successful ART outcomes is important for physi-
cians when selecting and counseling patients who are most
likely to get pregnant as the result of a single blastocyst
transfer. Single embryo transfer with resultant singleton
pregnancy and live birth is the most desired outcome of an
ART cycle. It is well documented that multiple gestation
pregnancies are a higher risk pregnancy when compared to
singleton gestations. Recent publications have reported sim-
ilar live birth rate with a significant reduction in multiple
gestation with the use of selective single embryo transfer
when compared to multiple embryo transfer [2,8,12].

One of the factors to consider when assessing patients for
single embryo transfer is embryo quality or morphology. The
Society for Assisted Reproductive Technology (SART) has
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developed a standardized morphological assessment for em-
bryo grading [14]. This standardization of embryo morpho-
logical grading and ART outcomes has been established and
validated for cleavage stage embryos [13,14,18]. However,
we are not aware of any publications validating the SART
simplified grading for blastocysts.

The objective of this study was to estimate the correlation
between the simplified SART embryo scoring system and
ART cycle outcomes in single blastocyst transfers. We hy-
pothesized that the simplified SART scoring system is high-
ly correlated with implantation and live birth.

Materials and methods

Study design

This was a retrospective cohort analysis of all fresh, autol-
ogous single blastocyst embryo transfers from January 2010
through December 2010. The study was conducted at Shady
Grove Fertility Reproductive Science Center in Rockville,
MD. The retrospective review and analysis of data collected
during routine clinical care was approved by Schulman
Associates Institutional Review Board.

Patients

All patients who underwent fresh, autologous, elective and
non-elective single blastocyst embryo transfer during the
calendar year 2010 were included in the analysis. Those
who underwent donor oocyte or embryo transfer and
frozen-thaw embryo transfers were excluded from the study.
Day 5 or day 6 transfers of morula stage embryos were also
excluded from the analysis.

Stimulation protocol

Ovarian hyperstimulation occurred primarily with mixed
FSH/LH protocol under pituitary suppression with either
GnRH antagonist or GnRH agonist as previously described
[16]. In general, oral contraception was started 3 weeks prior to
ovarian stimulation. For GnRH antagonist protocol cycles, an
antagonist (Ganirelix) was initiated when the lead follicle mea-
sured 14 mm in diameter. For GnRH agonist protocol cycles,
leuprolide acetate (Lupron) 20 units was started during the last
3 days of oral contraceptive pills. This dose was decreased to
five units after ovarian suppression was confirmed.

A mixed protocol using recombinant FSH and hMG was
typically used to achieve ovarian hyperstimulation. Final
oocyte maturation was triggered with 10,000 units of HCG
or with 40 units of GnRH agonist (in the GnRH antagonist
protocols) when the lead follicle(s) were greater than or
equal to 18 mm. Oocyte retrieval was performed 36 h later

and insemination occurred using conventional IVF or ICSI
as clinically indicated. Ultrasound guided single blastocyst
transfer using the afterload technique [9] was performed on
day 5 after ooctye retrieval by a board certified/board eligi-
ble Reproductive Endocrinologist. Serum hCG levels were
assessed 2 weeks after oocyte retrieval and ultrasound con-
firmation of all pregnancies was performed on all patients
between five to six weeks estimated gestational age based
on embryo transfer day.

Embryo grading

All blastocysts were evaluated by a member of a team of
embryologists using the grading system described by
Gardner and Schoolcraft [5]. The laboratory is certified and
all embryologists are examined and graded yearly on their
performance. All embryo grading is also reviewed in real-time
by one of two senior embryologists for verification and con-
sistency. Upon extraction and review of the data the reviewers
gave each embryo a grade according to the simplified SART
grading system, which is displayed in Table 1. SART grade
good was assigned for inner cell mass (ICM) grade A and
trophectoderm (TE) grade A or B (AA or AB blastocysts).
SART grade fair was assigned for ICM grade B and TE grade
A, B or C (BB, BC, or BA blastocysts). SART grade poor was
assigned for any ICM grade C (CC or CB blastocysts). Table 2
shows the SART grade given according to the embryology
grade assigned. Stage of development (early blast, blast, ex-
panded blast, hatching blast) was assigned to each embryo but
not included in the SART grading.

Outcomes

The primary outcomes were implantation and live birth.
Implantation was defined as a rising serum HCG value
and a gestation sac seen in the uterus by transvaginal

Table 1 SART grading system

Growth
phase

Overall
grade

Stage

Cleavage Good, Fair, Poor Cell #: 1 through >8

Fragmentation: 0 %, <10 %,
11–25 %, >25 %

Symmetry: Perfect, Moderately,
Asymmetric Severely Asymmetric

Morula Good, Fair, Poor Compaction: Complete, Incomplete

Fragmentation: 0 %, <10 %,
11–25 %, >25 %

Blastocyst Good, Fair, Poor Expansion: Early, Expanding,
Expanded, Hatched

Inner cell mass: Good, Fair, Poor

Trophectoderm: Good, Fair, Poor
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ultrasound (TVUS). Live birth was defined as the birth of a
live infant greater than 23 weeks of gestation.

Statistics

Chi-square analysis was used to assess the proportion of ART
outcomes within the three SART morphological grades.
Univariate binary logistic regression analysis was used to as-
sess the SARTembryo gradingwith implantation and live birth.
Multiple logistic regression was used to assess any confound-
ing with the variables of age, BMI and stage of the blastocyst.
Statistical analysis was performed using SPSS (International
Business Machines Corp (IBM), New York) software. A
p-value of <0.05 was considered statistically significant.

Results

A total of 717 fresh, autologous SBT cycles were identified
and included in the analysis. The overall live birth rate was
52 %. The mean age was 32.1 years old and mean BMI
24.8. The twin birth rate was 0.7 % and the remaining live
births were singleton gestations.

Embryos graded as good (n=663) had a 63 % implantation
and 53 % live birth rate (Fig. 1). Those graded as fair (n=49)
had an implantation and live birth rate of 47 % and 37 %
respectively. There were no live births among those embryos

graded as poor (n=5). Chi square analysis demonstrated a
higher live birth in good grade embryos as compared to fair
(p=0.03) and poor (p=0.02) embryos. Chi square analysis did
not show a difference between SART grade fair and poor
embryos for implantation or live birth.

There were 112 non-elective single embryo transfers in
which the patients had no additional blastocysts available
for transfer or cryopreservation. The live birth rate was 31 %
in this group compared to 55 % in patients having an
elective single embryo transfer (p<0.0001). In those
patients with cryopreserved embryos, the number of cryo-
preserved embryos was predictive of live birth. In multivar-
iate regression, patient age (p<0.01), SART grade (p<0.05)
and the number of cryopreserved blastocysts (p<0.01) were
all significantly correlated with live birth. Even when con-
trolling for cryopreserved embryos and age, SART grading
remained predictive of live birth.

Stage of embryo development was assigned to each em-
bryo but was not included in the SART grading. Embryo stage
was controlled for in the multivariate regression analysis.
While embryo expansion was correlated with live birth in
univariate regression analysis, embryo expansion was not
significantly correlated with live birth in the multivariate
regression analysis (p=0.18). Subgroup analysis was also
performed to analyze the differences in live birth by ethnicity
and SART grade. Results are shown in Tables 2 and 3. There
was no statistical difference between the ethnicity subgroups,
largely due to the small number of patients in these compar-
isons. However, those of Asian and African American ethnic-
ity didn’t have lower live birth rates with “good” embryos
compared to Whites, which is consistent with previous litera-
ture examining ethnicity related IVF outcomes [3,4,7,11,15].

Univariate binary logistic regression analysis demonstrated
SART embryo grading to be significantly correlated with both
implantation (OR 2.33, 95 % CI 1.30–4.10) and live birth (OR
2.07, 95 % CI 1.14–3.76). The significance of the SART grade
persisted when patient age, BMI, and the stage of the blastocyst
were controlled for with multiple logistic regression. In the
multivariate regression analysis, the OR for implantation was
2.18 (95 % CI 1.20–3.96) and the OR for live birth was 1.87
(95 % CI 1.01–3.48). The only other significant predictor of
outcomes in themultivariate analysis was patient age (p<0.05).

The live birth rate was further stratified by SART age
category and SART grade (Fig. 2). There was a decrease in

Table 2 SART
grade according to
embryology grading
system

SART grade Embryology grade
(ICM/TE)

Good AA or AB

Fair BA, BB, or BC

Poor CB or CC

Fig. 1 Implantation and live births among the SART grading catego-
ries. Chi Square analysis performed on live birth between the different
grading categories. p value <0.05 considered significant. *Good vs.
Fair. p=0.03. ^Good vs. Poor. p=0.02

Table 3 Live birth by ethnicity and SART grade

Ethnicity Patients (n) Good Fair Poor

White 433 58.2 % 40 % 0 %

Asian 109 47 % 42.8 % 0 %

African American 67 44.6 % 0 % 0 %

Hispanic 24 57.1 % 0 % 0 %
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live birth for patients with SART grade good blastocysts as age
increased, from 56 % in patients under 35, to 44 % for patients
age 35–37, and 35 % for patients aged 38–40. Similarly, there
was a decrease in live birth for patients with SART grade fair
blastocysts as age increased, from 46% in patients under 35, to
33 % for patients age 35–37, and 0 % for patients aged 38–40.
Patients under the age of 35 had statistically similar live birth
rates with SART grade good and fair blastocysts (56 % versus
46 %, p=0.30), likely due to the small number of young
patients with only a fair grade embryo (n=28).

The miscarriage rate was 15.7 % in the SART grade good
patients, 18.8 % in the grade fair patients, and there were no
pregnancies in the grade poor patients. By chi-square anal-
ysis, there was no difference in miscarriage rate between the
SART grade good and fair blastocysts (p=0.99). In univar-
iate regression analysis, SART grade was not correlated
with miscarriage (OR 1.34, 95%CI 0.4–4.5). In multivariate
regression analysis controlling for age, BMI, SART grade,
and the stage of the embryo, only embryo stage was signif-
icantly correlated with miscarriage (OR 0.53, 95 % CI 0.30–
0.95). In this analysis age was not statistically correlated
with miscarriage (p=0.15), likely because of the overall
young, good prognosis group these patients represented.

Discussion

There is movement in the field of ART toward transfer of
a single blastocyst on day 5 in order to minimize multiple
gestations. Multiple gestation places the fetuses and moth-
er at higher risk when compared to singleton pregnancies.
The maternal risks of multiple gestations include an in-
crease in gestational hypertension, pre-eclampsia, gesta-
tional diabetes, cesarean section and maternal hospital
admission [10]. Neonatal risks include low birth weight,
prematurity, neonatal intensive care admission and increase
morbidity and mortality [10].

Embryo morphology is one criteria used when evaluating
and counseling patients for single blastocyst transfer. The
ability to predict successful ARToutcomes based on embryo
morphology is key. Numerous studies have evaluated sys-
tems devised to grade embryo morphology [1,6]. There are
simple systems used to grade cleavage stage embryo based
on appearance, which take into account cell symmetry and
fragmentation [17].

For blastocyst embryos, grading is based on the morphol-
ogy of the inner cell mass (ICM) and trophectoderm (TE), as
well as the expansion of the blastocyst cavity [6]. These
grading systems of the ICM and TE can be difficult to under-
stand by patients when discussing their embryo quality prior
to an embryo transfer. The simplified SART grading system is
much easier for patients to comprehend and understand.

In 2010, SART issued a report on the standardization of
grading embryo morphology. This report gives embryo
grades in the categories of good, fair and poor [14]. This
grading system was evaluated and validated as predictive of
live birth rate in cleavage stage transfers [13,18]. No studies
have been published validating the SART scoring system for
blastocysts. This study validates the embryo grading system
employed my SART is predictive of ART outcomes. These
data demonstrate that embryos graded as good are correlated
with better implantation and live birth when compared to
embryos graded as either fair or poor.

The strengths of this study include the fact that this is the
first study of its kind in the literature to evaluate the simpli-
fied SART embryo scoring system for blastocyst transfers.
The use of single embryo transfer makes the assessment of
each morphologic grade with ART outcomes more simple
and straightforward. The large number of patients, the use of
live birth as an outcome measure and the use of univariate
and multiple logistic regression to control for confounders
further adds to the strengths of this study.

The weaknesses of this study include its retrospective
nature. There also were limited numbers of embryos given
a fair or poor morphological grade. Unless there is only one
poor grade embryo to transfer, patients with poor grade
embryos are more likely to receive a double embryo transfer
instead of a single blastocyst. This may lead to bias in the
results; however, chi-square analysis demonstrated signifi-
cantly different results even between the good and fair
categories. These data suggest that patients with only poor
grade embryos are not good candidates for single blastocyst
transfer.

In conclusion, the results of this study demonstrate that
the simplified SART embryo morphology grading system is
highly correlated with implantation and live birth in those
patients undergoing single blastocyst transfer. This informa-
tion can be used to better counsel patients on the number of
embryos to be transferred and further strengthen recommen-
dations for single blastocyst transfer.
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