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Objective: To determine the reproductive outcomes resulting from transfer of lower-grade blastocysts to support the practice of
cryopreserving and transferring lower-grade embryos.
Design: Retrospective chart review.
Setting: Single infertility center.
Patient(s): Womenwho have undergone a fresh (n¼ 570) or frozen (n¼ 885) transfer of a single blastocyst embryo between December
2013 and December 2018.
Intervention(s): None.
Main Outcome Measure(s): The primary outcome was live birth rate. The secondary outcomes included implantation rate, ongoing
pregnancy rate, associations with inner cell mass (ICM) and trophectoderm epithelium (TE) grades determined by morphological assess-
ment, and antenatal/perinatal complications.
Results: Reproductive outcomes directly correlated with embryo quality. Transfers of AA embryos resulted in a 41.4% live birth rate
compared to 31.1% for BB embryos and 13.3% for CC embryos. The TE grade was significantly associated with the live birth rate. Em-
bryos with a TE grade of ‘‘B’’ had an odds ratio of 0.677 and embryos with a TE grade of ‘‘C’’ had an odds ratio of 0.394 compared to
embryos with a TE grade of ‘‘A’’ for live birth.
Conclusion: Embryos with a TE ‘‘C’’ grade should be considered for transfer and cryopreservation, as they are shown to result in appre-
ciable live birth rates. Such treatment should involve a thorough discussion with patients, however, as these live birth rates are signif-
icantly lower than those associated with higher-grade embryos. (Fertil Steril Rep� 2020;1:264–9. �2020 by American Society for
Reproductive Medicine.)
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Discuss: You can discuss this article with its authors and other readers at https://www.fertstertdialog.com/posts/xfre-d-20-00069
P reimplantation embryo develop-
ment follows a predictable
pattern, with competent embryos

reaching the blastocyst stage by day 5
or 6 after fertilization. By the blastocyst
stage, cells have differentiated into two
distinct cell lines. One cell line is the in-
ner cellmass (ICM), and this inner cluster
of cells develops into the fetus. The other
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cell line is the trophectoderm epithelium
(TE), and this outer sheet of cells forms
the extra-embryonic components. These
components, together with a fluid-filled
cavity known as the blastocoel, make up
a blastocyst, which is an advanced pre-
implantation embryo.

It is common for embryologists in
North America to use Gardner and
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Schoolcraft’s Blastocyst Scoring System
for morphological assessment of em-
bryos (1). This system consists of a num-
ber indicating the degree of blastocoel
or blastocyst expansion (1¼ early blas-
tocyst, blastocoel <50% volume; 2 ¼
blastocyst, blastocoel >50% volume;
3 ¼ full blastocyst, 100% blastocoel
expansion; 4 ¼ expanded blastocyst; 5
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TABLE 1

Distribution of cases by embryo grade.

Embryo grade Fresh ET Frozen ET

AA 204 (35.8%) 178 (20.1%)
AB 131 (23.0%) 135 (15.2%)
BA 37 (6.5%) 78 (8.8%)
BB 158 (27.7%) 312 (35.3%)
AC 2 (0.35%) 5 (0.6%)
CA 0 (0%) 0 (0%)
BC 30 (5.3%) 70 (7.9%)
CB 2 (0.35%) 38 (4.3%)
CC 6 (1.0%) 69 (7.8%)
Note: ET¼ embryo transfer; n¼ absolute number of embryos;%¼ percentage of an embryo
grade in the ET group.
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¼ hatching blastocyst; 6 ¼ hatched blastocyst), followed by a
letter grade designating the quantity and quality of the ICM (A
¼ many cells tightly compacted; B ¼ several cells loosely
adhered; C ¼ very few cells; D ¼ no cells or degenerate or
necrotic cells), and a second letter grade designating the quan-
tity and quality of the TE (A¼ continuous layer of small iden-
tical cells; B ¼ noncontinuous layer with fewer cells; C ¼
noncontinuous layer with few small cells and large cells; D
¼ sparse distribution of large or flat or degenerate cells).
Thus, there are nine combinations of embryo grades for blas-
tocysts that are not degenerated: AA, AB, BA, BB, AC, CA, BC,
CB, and CC. The goal of the scoring system is to aid in the se-
lection of embryos with high implantation potential, to
improve reproductive outcomes. Higher-grade embryos are
more likely euploid, and although some embryo scores are
well accepted as having implantation potential (e.g., AA is
the best, and AB is better than AC), other scores are less
clear-cut (2�4). Furthermore, lower-grade embryos may be
euploid, albeit at a lower rate (2, 5).

In Canada, preimplantation genetic testing for aneu-
ploidy (PGT-A) is not routinely performed; rather, it is typi-
cally reserved for certain patient populations, such as those
with recurrent pregnancy loss. Without PGT-A, embryo grade
by morphological assessment remains an important tool in
embryo selection for transfer. Furthermore, embryo grade is
shown to influence pregnancy rates even in euploid embryos
confirmed by PGT-A (6). There are fertility centers across
Canada that discard lower-grade embryos such as CC em-
bryos. Some patients may have only lower-grade embryos
available for transfer. Since the initiation of vitrification for
embryo cryopreservation in December 2013, ONE Fertility
(Burlington, Ontario, Canada) has been cryopreserving and
transferring CC grade embryos. We have observed that the
rates of pregnancy and live birth resulting from the transfer
of CC embryos are not negligible. As such, this study aims
to establish a deeper understanding of the pregnancy and
live birth rates resulting from these embryo transfers to allow
better patient counseling and to support a practice to cryopre-
serve lower-grade embryos.
MATERIALS AND METHODS
Approval was obtained from the Hamilton Integrated
Research Ethics Board (HiREB # 5635-C) to perform this retro-
spective chart review. This study reviewed treatment cycles
consisting of single-embryo transfers between December 13,
2013, and December 13, 2018, at ONE Fertility in Burlington,
Ontario, Canada. Data were collected from clinic electronic
medical records and the Better Outcomes Registry and
Network (BORN) database (registry of maternal, neonatal,
and childhood outcomes in Ontario).

Inclusion criteria consisted of women of any age, any
number of in vitro fertilization (IVF) cycles, embryos from
autologous or donor oocytes, cryopreservation by vitrifica-
tion, fresh or frozen single-embryo transfer, and nonovula-
tory (medicated) protocol prior to frozen embryo transfer to
minimize variability in duration of progesterone exposure.
Rates of pregnancy and live birth decline with each 1-mm
decrease in endometrial thickness <7 mm (7); as such, all
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patients in this study had an endometrial thickness R7 mm
prior to embryo transfer. Exclusion criteria consisted of non-
blastocyst embryos, blastocyst embryos without a grade
based on Gardner and Schoolcraft’s system (e.g., ‘‘early blas-
tocyst’’), nonvitrification method of cryopreservation, and
ovulatory (natural cycle) protocol prior to frozen embryo
transfer.

Data were collected on reproductive age (age at time of
embryo creation, age at time of embryo transfer), infertility
diagnosis, morphological grade using Gardner and School-
craft’s system (expansion stage, ICM grade, TE grade), transfer
type (fresh or frozen), pregnancy rate (positive b-hCG test),
implantation rate (number of gestational sacs present by 6
weeks’ gestational age divided by number of embryos trans-
ferred), clinical pregnancy rate (number of gestational sacs
with sonographic evidence of fetal heartbeat beyond 6 weeks’
gestational age divided by number of embryos transferred),
ongoing pregnancy rate (pregnancy beyond 20 weeks’ gesta-
tional age), live birth rate (number of live offspring delivered
divided by number of embryos transferred), and complica-
tions. All clinical outcomes were identified through the
BORN database. Antenatal or perinatal complications poten-
tially relevant to this study included the following: genetic
abnormalities, fetal anomalies or birth defects, gestational
diabetes, gestational hypertension or preeclampsia, placental
issues (placenta previa, invasive placentation, other placental
issues), intrauterine fetal demise (IUFD) or stillbirth, intrauter-
ine growth restriction, low birth weight <2500 g, large for
gestational age >4000 g, and preterm labor/delivery or pre-
term premature rupture of membranes.
Statistical Analyses

Statistical analyses were run using IBM SPSS Statistics 25
software (IBM SPSS, Armonk, NY). Descriptive statistical an-
alyses (means, frequencies, percentages) were performed.
Pearson c2 tests were performed to compare the Not C/C
and AC/BC/CC comparisons. Binomial logistical regressions
were performed on outcome measures to assess the strength
of associations of age, ICM grade, TE grade, and transfer
type on outcomes.
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TABLE 2

c2 Test results comparing embryos with any C rating to those without a C rating.

Embryos with a C rating Embryos with no C rating P

n
%

of Total

% of
Previous
successes n

%
of Total

% of
Previous
successes

Of
Total

Of previous
successes

Positive b-hCG rates 94 42.3 42.3 729 59.2 59.2 < .001 n/a
Implantation rates 69 31.1 73.4 (69/94) 582 47.2 79.8 (582/729) < .001 0.188
Clinical pregnancy rates 54 24.3 78.3 (54/69) 526 42.7 90.4 (526/582) < .001 0.003
Ongoing pregnancy rates 46 20.7 85.2 (46/54) 459 37.2 87.3 (459/526) < .001 0.665
Live birth rates 45 20.3 97.8 (45/46) 456 37.0 99.3 (456/459) < .001 0.041
Note: n/a ¼ not applicable.

Lai. Clinical outcomes of lower-grade embryos. Fertil Steril Rep 2020.
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RESULTS
Cases by Type of Embryo Transfer

We reviewed 3159 embryo transfers (ET) that met the inclu-
sion criteria over the 5-year period. Of the 1625 cases in the
fresh ET group, 570 cases (35.1%) met eligibility criteria and
had complete data regarding reproductive outcomes. Of the
1534 cases in the frozen ET group, 885 cases (57.7%) met
eligibility criteria and had complete data regarding reproduc-
tive outcomes.
Cases by Embryo Grading

Cases were categorized according to their embryo grades as
outlined in Table 1. The most frequent embryo grades in
both ET groups were AA and BB (n¼ absolute number of em-
bryos; % ¼ percentage of an embryo grade in the ET group):
fresh ET group AA, n¼ 204 (35.8%), and BB, n¼ 158 (27.7%);
frozen ET group BB, n ¼ 312 (35.3%) and AA, n ¼ 178
(20.1%). There were no CA embryos in the study.
Demographic Data

Demographic variables were compared between groups. In the
fresh ET group, the mean maternal age (� standard deviation
[SD]) at time of ET was 34.5 � 3.9 years. In the frozen ET
group, the mean (� SD) oocyte age at time of embryo creation
was 34.0 � 4.0 years, and the mean (� SD) maternal age at
time of ET was 34.0 � 3.9 years.

Regarding the infertility diagnoses, it was possible for pa-
tients to have multiple contributing factors. The most com-
mon indications for IVF in this study were male factor
infertility (n ¼ 657), diminished ovarian reserve (DOR) or
advanced reproductive age (ARA) (n ¼ 415), and ovulatory
dysfunction (n ¼ 415). The primary comparison was between
groups based on embryo grades (e.g., AA, AB, etc.) and sec-
ondary comparison was between groups based on transfer
type (fresh vs. frozen). The number of cases of each infertility
diagnosis is outlined in Supplemental Table 1.

In the fresh ET group, across all diagnoses, AA tended to
be the most frequent grade (32.3%–48.8%). In the frozen ET
group, across all diagnoses, BB tended to be the most frequent
grade (28.3%– 50%). More CC embryos appeared in the frozen
ET group regardless of diagnosis, as these were given the
lowest priority for transfer and would be transferred in a fresh
266
ET cycle only if no higher-grade embryo were available. As
such, CC embryos were found in the fresh ET group 0%–

2.0% of the time (mean 0.56%) and in the frozen ET group
0%–12.1% of the time (mean 5.74%).
Reproductive Outcomes

The impact of a C rating. Simple analyses were conducted to
compare the outcomes of lower-grade embryos to those of
higher-grade embryos. Our sample was split into two groups:
those with a C grade anywhere in the rating (i.e., AC, BC, CA,
CB, CC) versus those without (i.e., AA, AB, BA, BB). We ran c2

tests to assess the differences between these groups. The re-
sults are outlined in Table 2. We included comparisons be-
tween the groups on the total sample and the subsample of
those who continued to the next stage (e.g., must have im-
plantation to have clinical pregnancy). The results show
that significantly fewer embryos with a C rating resulted in
a positive b-hCG, and the rates of success dropped off even
more for clinical pregnancies and live births, although not
for implantation or ongoing pregnancies.

The main objective of this study was to determine the de-
gree of clinical success after transfer of CC embryos, thus
providing data to aid in the decision to transfer or to cryopre-
serve these embryos rather than to discard them. Comparisons
were made of the transfer and birth outcomes between CC em-
bryos and [1] AA embryos, as these are the highest-graded
embryos and most frequent in the fresh ET group, and [2]
BB embryos, as these are most frequent in the frozen ET
group.

Table 3 outlines the rates of reproductive success for AA,
BB, and CC embryos. As anticipated, CC embryos have a lower
rate of all indicators of reproductive success compared to AA
and BB embryos. With respect to the key indicator of interest,
live birth rate, CC embryos appear to be about one-third as
likely (13.3%) to result in a live birth as AA embryos
(41.4%), with BB embryos’ success rate falling between the
two (31.1%).

Associations with reproductive success. Binomial regres-
sions were conducted to ascertain whether reproductive suc-
cess was associated with the variables of ICM and TE grade,
transfer type, and female age. For live birth, the regression
analysis was statistically significant [c2 (6) ¼ 107.04,
P< .001]. Analyses of these variables explained 9.8%
VOL. 1 NO. 3 / DECEMBER 2020



TABLE 3

Rates of various indicators of reproductive success among AA, BB, and CC embryos.

AA embryos (n [ 382) BB embryos (n [ 470) CC embryos (n [ 75)

Positive b-hCG rates 63.1% 54.6% 36.0%
Implantation rates 50.8% 43.0% 22.7%
Clinical pregnancy rates 46.6% 37.2% 17.3%
Ongoing pregnancy rates 42.1% 31.1% 14.7%
Live birth rates 41.4% 31.1% 13.3%
Lai. Clinical outcomes of lower-grade embryos. Fertil Steril Rep 2020.

TABLE 4

Binomial logistic regression for likelihood of live birth based on embryo grade, transfer type, and age.

B SE Wald df P Odds ratio

95% CI for odds ratio

Lower Upper

A ICM 1.183 2 .554
B ICM 0.061 0.133 0.207 1 .649 1.063 0.818 1.380
C ICM –0.229 0.302 0.571 1 .450 0.796 0.440 1.439
A TE 15.858 2 < .001
B TE –0.390 0.134 8.485 1 .004 0.677 0.521 0.880
C TE –0.932 0.251 13.731 1 < .001 0.394 0.241 0.645
Age –0.107 0.015 51.495 1 < .001 0.898 0.873 0.925
Frozen ET –0.474 0.120 15.503 1 < .001 0.623 0.492 0.788
Constant 3.563 0.521 46.697 1 < .001 35.257
Note: CI ¼ confidence interval; ET ¼ embryo transfer; ICM ¼ inner cell mass; SE ¼ standard error; TE ¼ trophectoderm epithelium.

Lai. Clinical outcomes of lower-grade embryos. Fertil Steril Rep 2020.
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(Nagelkerke R2) of the variance in live births, and correctly
classified 67.1% of the outcomes. Sensitivity was 19.8%,
specificity was 91.9%; positive predictive value was 56.2%,
and negative predictive value was 68.5%. Three of these
four variables were statistically significant: TE grade, female
age, and transfer type (fresh or frozen) (Table 4). Compared to
embryos with a TE grade of ‘‘A,’’ embryos with a TE grade of
‘‘B’’ had about two-thirds the odds of achieving a successful
live birth, and embryos with a TE grade of ‘‘C’’ had one-
third the odds of achieving a successful live birth. Likelihood
of achieving a successful live birth goes down as age goes up,
and frozen ETs had 0.60 times the odds of ending in a live
birth compared to fresh ETs. The regression analyses for other
indicators of reproductive success were similar, and all were
statistically significant.

Higher ICM grades did not appear to correlate with repro-
ductive success, although conclusions cannot be drawn, given
that only seven AC embryos were included in the study, in
comparison with 100 BC embryos and 75 CC embryos. The
pregnancy rates were 28.6%, 42.0%, and 36.0%; implantation
rates were 14.3%, 34.0%, and 22.7%; clinical pregnancy rates
were 14.3%, 27.0%, and 17.3%; ongoing pregnancy rates
were 14.3%, 23.0% and 14.7%; and live birth rates were
14.3%, 23.0%, and 13.3% for AC, BC, and CC embryos,
respectively.

Complications. We looked at broad categories of antepartum
and postpartum complications to determine rates at which
complications occurred in different embryo grade groups.
There were 505 cases of ongoing pregnancies in the study.
VOL. 1 NO. 3 / DECEMBER 2020
In women with ongoing pregnancies, the group containing
one or more ‘‘C’’ grade in the embryo included 17 (37.0%)
women with a complication, whereas the group with no ‘‘C’’
grade in the embryo included 172 (37.6%) women with a
complication. This difference was not statistically significant.
We attempted an analysis to look for patterns of complica-
tions based on embryo grade, transfer type, and female age,
but the analysis results failed to reach significance.

The most frequent complications were gestational dia-
betes (n ¼ 45; 8.9%), gestational hypertension or preeclamp-
sia (n ¼ 31; 6.1%), and placental issues (n ¼ 29; 5.7%). Other
complications included fetal anomalies or birth defects (n ¼
16; 3.2%), IUGR (n ¼ 14; 2.8%), genetic abnormalities (n ¼
4; 0.8%), and IUFD or stillbirth (n ¼ 2; 0.4%).

Direct effects on the fetus are of significance to patients.
The 16 cases of fetal anomalies or birth defects, the most
frequent being cardiac in nature, consisted of six AA em-
bryos, five BB embryos, three AB embryos, one BA embryo,
and one BC embryo. None were CC embryos. The four cases
of identified genetic abnormalities consisted of two CC em-
bryos (one case representing 33.3% of CC embryos in fresh
ET and one case representing 12.5% of CC embryos in frozen
ET), one AA embryo (1% of AA fresh ET), and one BB embryo
(1.9% of BB fresh ET). The two cases of IUFD occurred with
one AA embryo and one CC embryo, both in fresh ET cycles.

DISCUSSION
The demographics of the ET groups were similar, with the
mean female age at 34 years. The most common indications
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for IVF in this study (male factor, DOR or ARA, and ovulatory
dysfunction) represent the most commonly reported etiol-
ogies of infertility (8).

Our study demonstrates that morphological embryo
grading is strongly associated with reproductive outcomes,
and, specifically, that TE grade significantly correlates with
live birth rate. We first considered important measures of suc-
cess in ET including rates of pregnancy, implantation, and
clinical pregnancy as defined inMaterials andMethods. How-
ever, the pregnancy outcomes are of greater clinical signifi-
cance. Even with clinical pregnancies, there exists a risk of
pregnancy loss (i.e., spontaneous or therapeutic abortion,
IUFD, stillbirth). The end goal of IVF is to achieve a live birth,
and as such the live birth rate is an important measure of
success.

The overall live birth rate in cases resulting from transfer
of CC embryos was 13.3%. This is approximately one-third
the live birth rate of AA embryo pregnancies and almost
one-half the live birth rate of BB embryo pregnancies. This
is equivalent to 1 live birth for every 7.5 transfers of CC em-
bryos. This is in stark contrast to a pregnancy rate of 0% asso-
ciated with ET of CC embryos found in an earlier study (9).
Studies by Koustas et al., and Irani et al. showed that healthy
viable pregnancies and live births can result from the transfer
of lower morphologically graded embryos (10, 11). As live
birth rate is the most clinically relevant indicator of reproduc-
tive success, a live birth rate that is as high as 13.3% in CC em-
bryo transfers should prompt continued cryopreservation or
transfer of CC embryos in clinics that already adopt these
practices, as well as prompt consideration of these practices
in clinics that routinely discard or recommend against trans-
fer of CC embryos.

In this study, the impact of a ‘‘C’’ grade was predomi-
nantly seen in the TE grade. An embryo with a TE grade of
‘‘C’’ was one-third as likely and a TE grade of ‘‘B’’ was two-
thirds as likely to achieve a live birth compared to embryos
with a TE grade of ‘‘A.’’ These findings correlate with another
study showing that transfers of embryos with a TE grade of
‘‘B’’ resulted in 29% fewer live births than those with a TE
grade of ‘‘A,’’ although that study did not address ‘‘C’’ grade
embryos, as these were not frozen nor transferred (5). These
findings are not surprising, as the TE is the most responsible
for implantation and the TE grade is an independent predictor
for live birth, with a higher TE grade associated with a higher
live birth rate, whereas these associations are not demon-
strated with the expansion stage or the ICM grade (12�19).
The TE grade was also found to independently correlate
with rates of pregnancy and of miscarriage (19). It is
postulated that the TE grade may be a more reliable
predictor, as the TE itself is more static, allowing the
morphological grading to be more objective, whereas the
morphological grading of the ICM is more subjective and
more likely to have interobserver variability (17). Also
fitting was the finding that live birth rate is inversely
proportional to female reproductive age (12, 13). Of note,
more live births resulted from fresh ET cycles than from
frozen ET cycles in our study (frozen ET, odds ratio ¼
0.623). This is similar to a 2017 study showing a
significantly higher live birth rate of 52.2% in the fresh ET
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group versus 34.4% in the frozen ET group (20). Although
we did observe this difference, this study does not aim, and
was not statistically powered, to address these differences
between fresh and frozen transfers.

Previous studies have shown that lower morphologically
graded embryos that implant and continue as clinical preg-
nancies have obstetric and perinatal outcomes similar to
those of higher-grade embryos (21�23). This was the case
in this study, in which overall complication rates were
similar between the ‘‘not C grade’’ group and the ‘‘C grade’’
group. However, there were differences between CC
embryos and other grade embryos with specific groups of
complications. CC embryos had a higher rate of genetic
abnormalities. This is even more notable, given there were
two cases of genetic abnormalities in the CC embryos
despite a small sample size (CC embryos with ongoing
pregnancy, n ¼ 11). This is not surprising, as CC embryos
have higher rates of aneuploidy (3, 4, 24, 25). A study by
Blazek et al. showed a correlation between the TE grade,
although not expansion stage or ICM grade, and euploid
status with euploid rates for TE grade ‘‘A’’ embryos of
79.31%, TE grade ‘‘B’’ 60.51%, and TE grade ‘‘C’’ 38.66% (3).
Similarly, we saw this pattern with two cases of IUFD. One
of the IUFDs was a pregnancy from a CC embryo, whereas
the other was from an AA embryo. However, the one IUFD
in the AA group represents only 1% of the AA embryos
transferred in fresh cycles, whereas the one IUFD in the CC
group represents 33.3% of the CC embryos transferred in
fresh cycles. Unfortunately, no further information about
the etiology of these IUFDs is available. Notably, a study by
Herlihy et al. showed that a TE grade ‘‘C’’ was associated
with abnormal placental histological changes, although the
clinical significance of these abnormalities is unclear, as the
TE grade did not translate into any major adverse perinatal
outcomes (26). Interestingly, Shavit et al. showed a trend
toward more adverse maternal�fetal outcomes in the preg-
nancies resulting from frozen ET compared to fresh ET (20).
Because many more CC embryos were transferred in the
frozen ET group in this study, it is possible that the differences
that we observed may be due in part to the cryopreservation
process. Further research into the impact of cryopreservation
on pregnancy and perinatal outcomes is warranted.

This study does have some limitations, including its retro-
spective design. The small sample size of CC embryos, reflect-
ing the lower likelihood of lower-grade embryos to develop to
the blastocyst stage, decreases the statistical power of the
study. This is also true of the low number of AC embryos
and lack of CA embryos. A larger proportion of ET in the
frozen group met eligibility criteria despite a similar number
of ET in each group. Disproportionately more higher-grade
embryos were transferred in fresh ET cycles as a result of
the standard practice to transfer the highest-grade embryos
available first, followed sequentially by lower-grade embryos.
In our experience, almost all CC embryos survive post-thaw
for ET. Subsequently, more CC embryos were frozen rather
than transferred fresh, resulting in a larger number of CC em-
bryos in the frozen ET group.

Furthermore, some statistically significant differences
may be artifacts from the presence of a significant difference
VOL. 1 NO. 3 / DECEMBER 2020
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in an earlier developmental stage (e.g., higher implantation
rate in the fresh ET group), causing a ripple effect rather
than a true difference.

The rate of embryo development to the blastocyst stage
has also been shown to make a difference, with day 5 blasto-
cysts significantly outperforming day 6 blastocysts with the
same embryo grade for live birth rates (11). We did not differ-
entiate between day 5 and day 6 blastocysts in our study, and
further research is warranted to determine whether the rate of
embryo development influenced our findings.

We focused on embryo grades and did not address the
expansion stage of embryos. However, some studies showed
that expansion stage did not have a significant impact on
pregnancy rates and live birth rates (9, 12, 14, 16, 17). Other
studies showed that embryo ploidy is a more important deter-
minant of implantation potential than morphological grading
and developmental rate (4, 24). PGT-A is the best available
way to determine embryo ploidy and thus embryo quality.
However, there are technical limitations associated with per-
forming a biopsy on a TE grade C embryo due to sparse TE
cells. In light of a subset of lower-grade embryos being
euploid, and until TE grade C embryos can be reliably assessed
for ploidy status with noninvasive PGT-Amethods, one could
consider transferring a TE grade C embryo while performing
PGT-A on higher-quality embryos. In the absence of PGT-
A, embryo grading by morphological assessment is a valuable
clinical marker for selection of embryos for fresh or frozen
transfer.

In conclusion, embryos with a TE ‘‘C’’ grade by morpho-
logical assessment should be considered for transfer and cryo-
preservation, as they are shown to result in appreciable live
birth rates. However, these live birth rates are significantly
lower than those achieved with higher-grade embryos. Our
findings encourage a thorough discussion with patients to
prepare their expectations of success based on the quality of
the embryo being transferred.
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