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STUDY QUESTION: Is the morphological grading system for blastocysts associated with perinatal outcomes in women undergoing fro-
zen–thawed single blastocyst transfer (SBT)?

SUMMARY ANSWER: Preferential transfer of a blastocyst based on their inner cell mass (ICM) and trophectoderm (TE) grading
appears to be supported by observed differences in perinatal outcomes.

WHAT IS KNOWN ALREADY: The transfer of a morphologically good quality blastocyst is associated with a higher chance of implan-
tation and pregnancy as compared to transfer of a poor quality blastocyst. However, to date, the association of the morphological parame-
ters of the blastocyst with perinatal outcomes after blastocyst transfer remains unknown.

STUDY DESIGN, SIZE, DURATION: This retrospective cohort study started with 27 336 frozen–thawed SBT cycles from January
2013 to December 2019.

PARTICIPANTS/MATERIALS, SETTING, METHODS: There were 7469 women with singleton deliveries in Peking University Third
Hospital eligible for analysis. Multivariate logistic regression was used to test the risk of factors with the expression of crude odds ratios
(ORs) and adjusted OR with 95% CIs.

MAIN RESULTS AND THE ROLE OF CHANCE: Transfer of a blastocyst with a low overall grading was associated with a higher
chance of female baby (48% vs 42%, adjusted OR ¼ 1.26 (1.13, 1.39)) and a higher rate of caesarian section (C-section; 71% vs 68%, ad-
justed OR ¼ 1.15 (1.02, 1.29)). Compared with Grade A ICM blastocyst transfer, Grade B ICM and Grade C ICM blastocyst transfers
were associated with a lower chance of a female baby (adjusted OR ¼ 0.83 (0.73, 0.95), 0.63 (0.50, 0.79), respectively) and a higher risk
of large for gestational age (LGA; adjusted OR ¼ 1.23 (1.05, 1.45), 1.47 (1.12, 1.92), respectively); Grade C ICM blastocyst transfer was
also associated with an increased risk of macrosomia (adjusted OR ¼ 1.66 (1.20, 2.30)). Compared with Grade A TE blastocyst transfer,
there was an increased risk of small for gestational age with Grade C TE blastocyst transfer (adjusted OR ¼ 1.74 (1.05, 2.88)). Both
Grade B TE and Grade C TE blastocyst transfer had a higher chance of female baby (adjusted OR ¼ 1.30 (1.11, 1.53), 1.88 (1.57, 2.26),
respectively) and a lower risk of gestational diabetes mellitus (adjusted OR ¼ 0.74 (0.59, 0.94), 0.67 (0.50, 0.88), respectively) than Grade
A TE blastocyst transfer.

LIMITATIONS, REASONS FOR CAUTION: The main limitations of this study were its retrospective nature and the relative subjectiv-
ity of blastocyst scoring. The follow-up was conducted through a phone call and some patients may not have reported their obstetrical
and neonatal outcomes, leading to a relatively lower rate of several obstetrical outcomes. Due to the missing information in our dataset,
we were not able to separate out iatrogenic preterm birth nor adjust for obstetric complications in previous pregnancies as a confounder
in the mutivariate analysis. Because the days of blastocyst culture in total were unclear in our dataset, analysis of the association between
the time to reach blastocyst expansion and perinatal outcomes was not performed.
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WIDER IMPLICATIONS OF THE FINDINGS: Transfer of a blastocyst with a low overall grading is associated with a higher rate of C-sec-
tion and a higher chance of a female baby. The association between ICM grading and LGA would suggest that Grade A ICM blastocysts should be
transferred preferentially to Grade B/C ICM blastocysts. Our results support the use of current morphological systems for embryo prioritization.
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Introduction
Culturing embryos to the blastocyst stage has been used as an em-
bryo selection tool and blastocyst transfer has become increasingly
popular in the last decade because of its potential to increase the
success rate of pregnancy in a complete IVF cycle (Ginström
Ernstad et al., 2019; Spangmose et al., 2020). However, emerging
evidence has suggested that blastocyst transfer in frozen cycles can
be associated with increased risks of preterm delivery (PTD), peri-
natal mortality, placenta previa, placental abruption and large for
gestational age (LGA), compared with cleavage-stage embryo trans-
fer in frozen cycles (Ginström Ernstad et al., 2016; Martins et al.,
2016; De Vos et al., 2018). Therefore, selecting a blastocyst to
transfer with a lower rate of adverse perinatal outcomes is prefera-
ble, to reduce perinatal morbidity.

Considerable evidence generated over the last two decades has
demonstrated that morphological grading of embryos correlates with
cycle outcome. The transfer of morphologically good quality blasto-
cysts is associated with higher implantation and pregnancy rates as
compared to poor quality blastocyst transfer (Balaban et al., 2000;
Gardner et al., 2000). In addition, the morphological sub-parameters
describing the blastocyst expansion grade, inner cell mass (ICM) and
trophectoderm (TE) demonstrate a correlation with pregnancy rate
(Ahlström et al., 2013; Boynukalin et al., 2020). However, to date, few
studies have addressed the association of the morphological parame-
ters of the embryo with the perinatal outcomes after blastocyst trans-
fer, and the studies which have addressed this have been limited by
small sample sizes or selective reporting of outcomes (Oron et al.,
2014; Bakkensen et al., 2019; Chen et al., 2020; Li et al., 2020; Zhang
et al., 2020). In addition, some of these studies have included both
cleavage embryo transfer and blastocyst transfer, with different evalua-
tion scores used in embryo quality. To further investigate the associa-
tion of blastocyst quality and perinatal outcomes, we conducted a
retrospective cohort study with a large sample size in a single centre
to analyse a range of perinatal outcomes in women undergoing single
frozen blastocyst transfer cycles.

Materials and methods

Ethical approval
This study was approved by the Ethics Committee of Peking University
Third Hospital.

Participants
This study was a retrospective cohort including a total of 27 336 single
frozen–thawed blastocyst transfer cycles in Peking University Third
Hospital from January 2013 to December 2019. Repeated cycles in
the same patient, cycles involving pre-implantation genetic testing,
failed cycles, embryos that had been vitrified at the cleavage stage,
twin deliveries and neonatal death as well as those lost to follow-up
were excluded. Cycles, where blastocyst grading, was not recorded
were also excluded.

IVF procedures
The ovarian stimulation protocol and IVF-ET procedures were as previ-
ously described (Hu et al., 2020). Fertilization was performed by con-
ventional IVF or by ICSI. Embryos were vitrified on Days 5–6 of embryo
culture. The procedure of embryo vitrification and thaw in our centre
was described in previous studies (Zheng et al., 2017; Hu et al., 2020).
Grading of blastocyst morphology was performed before vitrification on
Day 5 or Day 6 of embryo culture according to the Gardner and
Schoolcraft’s system which has been used in our centre since 2008
(Gardner et al., 2000, 2004). The detailed scoring system is included in
Supplementary Table SI. Blastocysts were graded according to three
separate quality scores: the development stage status of the blastocyst
(1–6), the grade of ICM (A, B, C), and the grade of TE (A, B, C).
Blastocysts with stage status higher than 2, ICM grade higher than C and
TE grade higher than C (�3BB) were considered as good quality and
blastocysts with grading lower than 3BB were considered as poor quality
(Gardner et al., 2004; Oron et al., 2014). In most cases, lower grade
blastocysts were only used when no higher grades ones were available

WHAT DOES THIS MEAN FOR PATIENTS?
Because the transfer of a blastocyst with an advanced degree of inner cell mass and trophectoderm is associated with high live birth rates
and low risks of adverse perinatal outcomes, transfer of a good quality blastocyst is preferential.

2 Hu et al.
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and women were fully informed of the risks associated with the transfer
of a lower grade blastocyst and provided their consent before the em-
bryo transfer. The blastocyst transfers were performed on Day 5 after
ovulation in natural or ovarian stimulated cycles, or after 7 days of pro-
gesterone supplementation in artificial hormonal replacement cycles.
The warmed blastocysts were cultured for 30–120 min to evaluate their
quality and blastocysts with good survival signs (less than half of the blas-
tomeres showing signs of damage) were transferred.

Outcome definitions
The outcomes in this study included: PTD, defined as a baby born be-
fore 37 weeks of gestation; very PTD (VPTD), defined as a baby born
before 34 weeks of gestation; newborn sex; low birth weight (LBW),
defined as birth weight less than 2500 g at any gestational week; mac-
rosomia, defined as birth weight greater than 4000 g at any gesta-
tional week; small for gestational age (SGA) and LGA, defined using
reference birth weight percentiles as less than 10th percentile and
greater than 90th percentile, respectively, using two different birth
weight references (Dai et al., 2014; Yao et al., 2018); gestational
hypertensive disease (GHD), defined as the development of blood
pressure greater than 140/90 mmHg in pregnancy with or without

proteinuria or other signs of preeclampsia; gestational diabetes
mellitus (GDM), defined as carbohydrate intolerance of variable se-
verity with onset or first recognition during pregnancy; and preterm
premature rupture of membrane (PPROM), defined as rupture of
the amniotic membranes before the onset of the preterm labour.
All participants were followed up �3 months post-delivery by a
trained nurse through phone call and the follow-up content was
well described in a previous study (Hu et al., 2020).

Statistical analyses
Independent-sample t-test, nonparametric test or Chi-square test
were used to compare variables between groups as appropriate.
Multivariate logistic regression was used to test the risk of factors with
the expression of crude odds ratios (ORs) and adjusted OR with 95%
CIs. The following variables were considered as potential confounders,
including female age, female BMI, infertility duration, primary or sec-
ondary infertility, parity, reason for IVF, assisted hatching and blasto-
cyst expansion. Due to the missing information of previous pregnancy
complications, they were not included in the multivariate logistic re-
gression analysis. All statistical procedures were run in Stata 15.1
(StataCorp LLC, TX, USA). P< 0.05 was considered to indicate statis-
tically significant differences. There was no missing data of blastocyst
quality, newborn sex, PPROM, GDM, GHD, VPTD or PTD. Less than
1.0% of birth weight data were missing (LBW, SGA, LGA) in the final
dataset. Covariables including female BMI (1.4%), male BMI (12.9%),
male age (0.2%), infertility duration (1.8%), fertilization method (3.6%)
and endometrium preparation (0.1%) contained missing observations.
All missing data were considered as missing values in the analysis.
Because spontaneous PTD was not recorded in the dataset as sepa-
rate to iatrogenic PTD, iatrogenic PTD was not analysed.

Results

Characteristics of women eligible for
analysis
A total of 7469 women were eligible for the final analysis of the associa-
tion between blastocyst scores and perinatal outcomes (Supplementary
Fig. S1).

According to the definition of good quality and poor quality blasto-
cysts as described above, 1937 women underwent transfer of a poor
quality blastocyst and 5532 women underwent good quality blastocyst
transfer, then had successful pregnancies resulting in a singleton live
birth. Cycles resulting in the transfer of a poor quality embryo were
more likely in couples with male factor infertility and where ICSI was
utilized (P< 0.01, P< 0.05) as compared to cycles where good quality
embryo transfer resulted. No statistically significant difference was
found in female age, male age, female BMI, male BMI, endometrium
thickness, primary infertility, parity or endometrium preparation be-
tween poor and good quality blastocyst transfers (Table I).

Perinatal outcomes in women with good or
poor quality blastocyst transfer
Transfer of a poor quality blastocyst was associated with a higher rate of
C-section (71% vs 68%, adjusted OR ¼ 1.15 (1.02, 1.29)) and a higher

......................................................................................................

Table I Characteristics of women with good or poor qual-
ity blastocyst transfer.

Poor quality
blastocyst
(n 5 1937)

Good quality
blastocyst
(n 5 5532)

P-valuea

Female age (years) 32.2 (4.1) 32.0 (4.0) 0.06

Male age (years) 33.6 (5.1) 33.5 (5.0) 0.26

Duration of infertility (years) 4 (2–6) 4 (2–6) 0.09

Female BMI (kg/m2) 22.4 (3.4) 22.6 (3.7) 0.16

Male BMI (kg/m2) 25.5 (3.8) 25.4 (4.0) 0.75

Primary infertility 1268 (65%) 3509 (63%) 0.11

Parity 97 (6%) 280 (5%) 0.68

Reason for IVF

Ovulatory dysfunction 304 (17%) 864 (16%) 0.94

Adenoendometriosis 120 (6%) 324 (6%) 0.59

Tube factor 768 (40%) 2273 (41%) 0.27

Male factor 846 (44%) 2182 (39%) <0.01

Endometrium thickness (mm) 10.2 (1.7) 10.2 (1.7) 0.86

Fertilization method <0.05

IVF 1071 (55%) 3237 (59%)

ICSI 817 (42%) 2188 (39%)

Unclear 49 (3%) 107 (2%)

2PN 1889 (98%) 5428 (98%) 0.11

Assisted hatching 1684 (87%) 4678 (85%) 0.01

Endometrium preparation 0.91

Natural cycle 1051 (54%) 2975 (54%)

Hormone replaced cycle 658 (34%) 1889 (34%)

Stimulated cycle 228 (12%) 668 (12%)

av2, non-parametric test, or t-test as appropriate. Data are expressed with mean
(SD) or median (IQR) as appropriate.

Blastocyst quality and perinatal outcomes 3

https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoab036#supplementary-data
https://academic.oup.com/hropen/article-lookup/doi/10.1093/hropen/hoab036#supplementary-data


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..chance of female baby (48% vs 42%, adjusted OR ¼ 1.26 (1.13, 1.39))
as compared to good quality blastocyst transfer. There was a trend to-
wards an increased risk of SGA after transfer of a poor quality blastocyst
(adjusted OR ¼ 1.27 (0.98, 1.65)). There was no significant difference in
the gestational week at delivery, PTD, VPTD, birth weight, LBW, LGA,
PPROM, GDM or GHD between the poor quality blastocyst and the
good quality blastocyst transfer groups (Table II).

ICM quality and perinatal outcomes
Compared with Grade A ICM blastocyst transfer, there was a trend
towards an increased rate of PTD and C-section in Grade C ICM blas-
tocyst transfer (PTD, adjusted OR ¼ 1.23 (0.86, 1.79); C-section, ad-
justed OR ¼ 1.22 (0.95, 1.57)). Grade B ICM and Grade C ICM
blastocyst transfer were associated with a lower chance of female
baby (adjusted OR ¼ 0.83 (0.73, 0.95), 0.63 (0.50, 0.79), respectively)
and a higher risk of LGA (adjusted OR ¼ 1.23 (1.05, 1.45), 1.47
(1.12, 1.92), respectively) than Grade A ICM blastocyst transfer.
Grade C ICM blastocyst transfer was also associated with macrosomia
(adjusted OR ¼ 1.66 (1.20, 2.30)). The associations of ICM grading
with other perinatal outcomes were not significant and the effect sizes
are demonstrated in Table III.

TE quality and perinatal outcomes
Compared with Grade A TE blastocyst transfer, Grade C TE blasto-
cyst transfer was associated with a higher risk of SGA (adjusted OR ¼
1.74 (1.05, 2.88)). There was also a trend towards an increased risk
of C-section in Grade C TE blastocyst transfer (adjusted OR ¼ 1.14
(0.94, 1.39)). Grade B TE and Grade C TE blastocyst transfer had a

higher chance of female baby (adjusted OR ¼ 1.30 (1.11, 1.53), 1.88
(1.57, 2.26), respectively) and a lower risk of GDM (adjusted OR ¼
0.74 (0.59, 0.94), 0.67 (0.50, 0.88), respectively) than Grade A TE
blastocyst transfer. The association of TE quality with other perinatal
outcomes was not significant (Table IV).

Discussion
In this study, we demonstrated that the transfer of morphologically
poor quality blastocysts was associated with a higher rate of C-section
and a higher chance of a female baby. Grade B ICM and Grade C ICM
blastocyst transfers were associated with lower chances of a female
baby and a higher risk of LGA. Grade C ICM blastocyst transfer in-
creased the risk of macrosomia. Grade B TE and Grade C TE blasto-
cyst transfer had a higher chance of female baby and a lower risk of
GDM. Grade C TE blastocyst transfer was associated with an in-
creased chance of SGA.

A previous study has suggested that low sperm motility in IVF is as-
sociated with an increase in female/male ratio (Arikawa et al., 2016).
In addition, single poor-quality embryo transfers in frozen cycles have
a higher chance of resulting in a female infant (Oron et al., 2014; Lou
et al., 2020). Consistent with these studies, our study shows poor
quality blastocyst transfer can result in a higher rate of female live birth
than the transfer of a good quality blastocyst transfer as defined by
conventional embryo morphological grading. The increased ratio of fe-
male/male babies after poor quality blastocyst transfers can potentially
be explained by a higher surviving ability of a female embryo within
the maternal body. Our study demonstrated an association between

............................................................................................................................................................................................................................

Table II Perinatal outcomes in women with good or poor quality blastocyst transfer.

Poor quality
blastocysta (n 5 1937)

Good quality
blastocysta (n 5 5532)

P-valueb Crude OR (95% CI) Adjustedc OR (95% CI)

Gestational week 38.3 (1.8) 38.3 (1.7) 0.80 NA NA

PTD 186 (10%) 530 (10%) 0.98 1.00 (0.84, 1.19) 1.02 (0.85, 1.22)

VPTD 46 (2%) 116 (2%) 0.47 1.14 (0.80, 1.60) 1.16 (0.82, 1.64)

Sex of newborn (female/male) <0.001 1.25 (1.13, 1.39) 1.26 (1.13, 1.39)

Male 1010 (52%) 3192 (58%)

Female 927 (48%) 2339 (42%)

Birth weight g 3366 (527) 3377 (518) 0.41 NA NA

C-section 1316 (71%) 3662 (68%) 0.03 1.14 (1.02, 1.28) 1.15 (1.02, 1.29)

LBW 84 (4%) 226 (4%) 0.64 1.06 (0.82, 1.37) 1.08 (0.84, 1.40)

Macrosomia 216 (11%) 611 (11%) 0.90 1.01 (0.86, 1.18) 1.03 (0.88, 1.22)

SGA 85 (4%) 197 (4%) 0.10 1.24 (0.96, 1.61) 1.27 (0.98, 1.65)

LGA 418 (22%) 1181 (22%) 0.84 1.01 (0.89, 1.15) 1.04 (0.92, 1.18)

PPROM 22 (1%) 83 (2%) 0.24 0.75 (0.47, 1.21) 0.70 (0.43, 1.14)

GDM 188 (10%) 605 (11%) 0.13 0.88 (0.74, 1.04) 0.87 (0.73, 1.04)

GHD 76 (4%) 202 (4%) 0.59 1.08 (0.82, 1.41) 1.07 (0.81, 1.40)

GDM, gestational diabetes mellitus; GHD, gestational hypertensive disease; LBW, low birth weight; LGA, large for gestational age; OR, odds ratio; PPROM, preterm premature rup-
ture of membrane; PTD, preterm delivery; SGA, small for gestational age; VPTD, very preterm delivery. The values in bold are statistically significant.
aBlastocysts with stage status higher than 2, ICM grade higher than C and TE grade higher than C (�3BB) were considered as being of good quality and blastocyst with grading lower
than 3BB were considered as poor quality.
bv2 or t-test as appropriate. Data are expressed with mean (SD) or number (percent) as appropriate.
cAdjusted with female age, female BMI, primary infertility, parity, reason for IVF and assisted hatching.

4 Hu et al.
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poor quality blastocyst transfer and increased risk of C-section com-
pared with good quality blastocyst transfer. This is contradictory to
previous reports which showed no difference in C-section delivery
with regard to the quality of transferred embryo (Oron et al., 2014).
That study, however, included Day 2, Day 3 and Day 5 embryos and
used an alternative definition for determining embryos as poor or
good quality. In addition, the study included only a small number of
poor quality embryo transfer cycles (Oron et al., 2014). These differ-
ences may explain the variation in association with C-section seen be-
tween this study and our study. Considering that a large proportion of
C-section deliveries in ART conceived pregnancies in China are per-
formed electively (Yang et al., 2014), this result should be confirmed

by future studies stratifying C-section delivery by indication. A recent
study showed a similar rate of SGA and LGA and a similar birth weight
in singletons derived from single good and/or poor quality blastocyst
transfers (Huang et al., 2020). However, another study from the same
research group demonstrates that singletons from the poor-quality
blastocyst group have lower birth weight, a higher rate of SGA, and a
lower rate of LGA than those from the excellent-quality blastocyst
group (Zhang et al., 2020). The inconsistency can be attributed to the
difference in the definition of good or poor quality embryos by Zhang
et al.

Although previous studies indicate comparable perinatal outcomes
in comparisons of Day 7 vs Day 5 and Day 7 vs Day 6 embryos

............................................................................................................................................................................................................................

Table III Perinatal outcomes in women with different ICM grades.

Perinatal outcomes Grade A (n 5 1356) Grade B (n 5 5704) Grade C (n 5 409)

PTD 125 (9%) 546 (10%) 45 (11%)

(Crude OR) (Reference) 1.04 (0.85, 1.28) 1.22 (0.85, 1.75)

(Adjusted OR) (Reference) 1.05 (0.85, 1.32) 1.23 (0.86, 1.79)

VPTD 29 (2%) 125 (2%) 8 (2%)

(Crude OR) (Reference) 1.03 (0.68, 1.54) 0.91 (0.41, 2.01)

(Adjusted OR) (Reference) 0.97 (0.63, 1.50) 0.89 (0.40, 1.96)

Female newborn 612 (45%) 2509 (44%) 145 (35%)

(Crude OR) (Reference) 0.95 (0.85, 1.08) 0.67 (0.53, 0.84)

(Adjusted OR) (Reference) 0.83 (0.73, 0.95) 0.63 (0.50, 0.79)

C-section 875 (66%) 3824 (69%) 279 (71%)

(Crude OR) (Reference) 1.15 (1.01, 1.31) 1.25 (0.98, 1.60)

(Adjusted OR) (Reference) 1.11 (0.97, 1.27) 1.22 (0.95, 1.57)

LBW 53 (4%) 241 (4%) 16 (4%)

(Crude OR) (Reference) 1.08 (0.80, 1.47) 0.99 (0.56, 1.76)

(Adjusted OR) (Reference) 1.06 (0.76, 1.46) 0.98 (0.55, 1.74)

Macrosomia 137 (10%) 627 (11%) 63 (15%)

(Crude OR) (Reference) 1.10 (0.90, 1.33) 1.61 (1.17, 2.22)

(Adjusted OR) (Reference) 1.12 (0.91, 1.38) 1.66 (1.20, 2.30)

SGA 44 (3%) 224 (4%) 14 (3%)

(Crude OR) (Reference) 1.22 (0.88, 1.69) 1.05 (0.57, 1.93)

(Adjusted OR) (Reference) 1.09 (0.77, 1.55) 1.02 (0.55, 1.88)

LGA 254 (19%) 1242 (22%) 103 (25%)

(Crude OR) (Reference) 1.21 (1.04, 1.40) 1.45 (1.11, 1.88)

(Adjusted OR) (Reference) 1.23 (1.05, 1.45) 1.47 (1.12, 1.92)

PPROM 16 (1%) 83 (1%) 6 (1%)

(Crude OR) (Reference) 1.24 (0.72, 2.12) 1.25 (0.48, 3.21)

(Adjusted OR) (Reference) 1.43 (0.81, 2.52) 1.38 (0.53, 3.57)

GDM 136 (10%) 614 (11%) 43 (11%)

(Crude OR) (Reference) 1.08 (0.89, 1.32) 1.05 (0.73, 1.51)

(Adjusted OR) (Reference) 1.15 (0.93, 1.42) 1.07 (0.73, 1.55)

GHD 45 (3%) 215 (4%) 18 (4%)

(Crude OR) (Reference) 1.14 (0.82, 1.58) 1.34 (0.77, 2.33)

(Adjusted OR) (Reference) 1.11 (0.78, 1.58) 1.32 (0.74, 2.35)

Adjusted with female age, female BMI, primary infertility, parity, reason for IVF and assisted hatching, blastocyst development stage status and TE quality. The values in bold are statisti-
cally significant.
GDM, gestational diabetes mellitus; GHD, gestational hypertensive disease; LBW, low birth weight; LGA, large for gestational age; OR, odds ratio; PPROM, preterm premature rup-
ture of membrane; PTD, preterm delivery; SGA, small for gestational age; TE, trophectoderm; VPTD, very preterm delivery.
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(Hiraoka et al., 2009; Huang et al., 2020), the number of Day 6 or
Day 7 blastocyst was not large. Because the expansion degree can af-
fect the morphological degree to some extent, we included the expan-
sion degree as a covariate in the mutivariate analysis of the association
between morphological degree and perinatal outcomes. Blastocyst ex-
pansion was significantly related to the total days of blastocyst culture.
Given that the total days of blastocyst culture was poorly recorded in
our dataset, the analysis of the association between blastocyst expan-
sion and perinatal outcomes was not performed.

Consistent with another recent study, our study shows a significant
association between Grade B and Grade C ICM and LGA, although
that study did not reach a significance due to the small sample size

(Bakkensen et al., 2019). Our study also demonstrated some associa-
tions between morphological grading and perinatal outcome, not pre-
viously described: Grade C ICM blastocyst transfer was associated
with increased macrosomia and Grade B and C TE blastocyst trans-
fer displayed lower GDM risk compared with Grade A TE blasto-
cyst transfer. The mechanisms underlying the association between
ICM grading and feotal growth and TE grading and gestational dia-
betes are unknown and require further investigation. The observed
correlation between ICM and LGA or between TE and SGA might
be attributed to the vital role of ICM and TE during implantation
and placentation. The associations between ICM grading and LGA
and macrosomia and between TE and SGA would suggest that

............................................................................................................................................................................................................................

Table IV Perinatal outcomes in women with different TE grades.

Perinatal outcomes Grade A (n 5 818) Grade B (n 5 5116) Grade C (n 5 1525)

PTD 88 (11%) 497 (10%) 141 (9%)

(Crude OR) (Reference) 0.87 (0.68, 1.11) 0.85 (0.64, 1.12)

(Adjusted OR) (Reference) 0.86 (0.67, 1.11) 0.84 (0.63, 1.14)

VPTD 23 (3%) 101 (2%) 38 (2%)

(Crude OR) (Reference) 0.69 (0.44, 1.10) 0.88 (0.52, 1.49)

(Adjusted OR) (Reference) 0.72 (0.45, 1.19) 0.94 (0.54, 1.64)

Female newborn 311 (38%) 2174 (43%) 781 (51%)

(Crude OR) (Reference) 1.20 (1.03, 1.40) 1.71 (1.44, 2.03)

(Adjusted OR) (Reference) 1.30 (1.11, 1.53) 1.88 (1.57, 2.26)

C-section 535 (67%) 3409 (69%) 1034 (71%)

(Crude OR) (Reference) 1.08 (0.92, 1.26) 1.20 (0.99, 1.44)

(Adjusted OR) (Reference) 1.02 (0.87, 1.21) 1.14 (0.94, 1.39)

LBW 41 (5%) 201 (4%) 68 (5%)

(Crude OR) (Reference) 0.77 (0.55, 1.09) 0.89 (0.60, 1.32)

(Adjusted OR) (Reference) 0.76 (0.53, 1.09) 0.89 (0.58, 1.35)

Macrosomia 80 (10%) 594 (12%) 153 (10%)

(Crude OR) (Reference) 1.21 (0.95, 1.55) 1.03 (0.76, 1.37)

(Adjusted OR) (Reference) 1.10 (0.85, 1.43) 0.95 (0.70, 1.27)

SGA 23 (3%) 188 (4%) 71 (5%)

(Crude OR) (Reference) 1.31 (0.85, 2.04) 1.69 (1.05, 2.72)

(Adjusted OR) (Reference) 1.33 (0.84, 2.12) 1.74 (1.05, 2.88)

LGA 166 (21%) 1118 (22%) 315 (21%)

(Crude OR) (Reference) 1.09 (0.91, 1.31) 1.02 (0.83, 1.26)

(Adjusted OR) (Reference) 1.02 (0.84, 1.23) 0.96 (0.77, 1.20)

PPROM 11 (1%) 78 (1%) 16 (1%)

(Crude OR) (Reference) 1.13 (0.60, 2.14) 0.78 (0.36, 1.68)

(Adjusted OR) (Reference) 1.06 (0.55, 2.04) 0.63 (0.28, 1.42)

GDM 108 (13%) 540 (10%) 145 (9%)

(Crude OR) (Reference) 0.77 (0.62, 0.97) 0.69 (0.53, 0.90)

(Adjusted OR) (Reference) 0.74 (0.59, 0.94) 0.67 (0.50, 0.88)

GHD 31 (4%) 189 (4%) 58 (4%)

(Crude OR) (Reference) 0.97 (0.66, 1.43) 1.00 (0.64, 1.56)

(Adjusted OR) (Reference) 0.94 (0.62, 1.42) 0.97 (0.60, 1.57)

Adjusted with female age, female BMI, primary infertility, parity, reason for IVF and assisted hatching, blastocyst development stage status and ICM quality. The values in bold are statis-
tically significant.
GDM, gestational diabetes mellitus; GHD, gestational hypertensive disease; ICM, inner cell mass; LBW, low birth weight; LGA, large for gestational age; OR, odds ratio; PPROM, pre-
term premature rupture of membrane; PTD, preterm delivery; SGA, small for gestational age; TE, trophectoderm; VPTD, very preterm delivery.
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.
blastocysts with Grade A ICM blastocysts should be transferred
preferentially to Grade B/C ICM blastocysts and Grade A/B TE
blastocysts should be transferred preferentially to Grade C TE blas-
tocysts. These results support the use of current morphological
grading systems for embryo prioritization.

To the best of our knowledge, this is the largest cohort investigating
blastocyst quality and perinatal outcomes. Previous studies have
addressed relatively few perinatal outcomes while a variety of perinatal
outcomes are explored in our study. We investigated the association
of the morphological parameters of the blastocyst with perinatal out-
comes in addition to global grading of blastocysts as good or poor
quality. Furthermore, our data are relatively complete with very few
missing data.

The main limitations of this study are its retrospective nature and
the relative subjectivity of blastocyst scoring. The follow-up was con-
ducted through a phone call in our centre and some patients may not
have reported their obstetrical and neonatal outcomes, leading to a
relatively lower rate of several obstetrical outcomes, such as GHD
and PPROM. The blastocyst morphology was evaluated before vitrifi-
cation and the re-expansion data after warming was lacking. It is possi-
ble that this may have influenced our results, although a recent study
has suggested that the pre-vitrification features of a blastocyst rather
than post-warming features of the survived blastocyst should be used
to select the competent embryos (Cimadomo et al., 2018). Due to
the missing information in our dataset, we were not able to separate
out iatrogenic preterm birth nor adjust for obstetric complications in
previous pregnancies as a confounder in the mutivariate analysis.
Blastocyst expansion was significantly related to the days of blastocyst
culture in total and given that this was unclear in our dataset, the
analysis of the association between blastocyst expansion and perinatal
outcomes was not performed.

In conclusion, Grade C ICM blastocysts should be deferred for trans-
fer if blastocysts of Grade A or Grade B ICM are available. Transfer of a
blastocyst with grading lower than 3BB is associated with a higher rate
of C-section delivery and a higher chance of a female baby.
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