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Abstract

Objective: To analyze the correlation between blastocyst morphological score and blastocyst chromosome abnormalities in Pre-implantation
Genetic Screening (PGS) and Pre-implantation Genetic Diagnosis (PGD).

Methods: Patients were divided into the PGD group and the PGS group, the morphological scores of blastocysts and chromosome
abnormalities were detected. The blastocysts morphological scores were classified as good, medium and poor levels. Chromosome detection
results were divided into euploidy, aneuploidy and other abnormalities categories. SPSS software was applied to analyze the significant difference.

Results: PGS group detected 141 cases of blastocysts, and the euploidy rates of good, medium and poor blastocysts were 62.5% (40/64),
58.1% (25/43) and 41.2% (14/34), respectively. The aneuploidy rates were 21.9% (14/64), 16.3% (7/43) and 47.1% (16/34), respectively.
Other anomaly rates were 15.6% (10/64), 25.6% (11/43) and 11.8% (4/34), respectively. In the PGD group, the euploidy rates of 179 blastocysts
were 44.1% (37/84), 40.0% (20/50) and 40.0% (18/45), respectively. The aneuploidy rates were 13.1% (11/84), 26.0% (13/50) and 35.6%
(16/45), respectively. The other abnormal rates were 42.9% (36/84), 34.0% (17/50) and 24.4% (11/45).

Conclusion: In PGS group and PGD group, although the rate of chromosome abnormality increased with the decrease of blastocyst grade,
there was no significant difference. There is a weak correlation between blastocyst morphology and aneuploidy. Among aneuploidy blastocysts,
some obtained the highest morphological score, while some had poor morphological score. Therefore, morphological scores cannot be used to
determine the blastocysts euploidy.
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Introduction

are often affected by chromosomal abnormalities [5,6]. In fact,

In IVF-ET (In Vitro Fertilization-Embryo Transfer) treatment, for women over 40 years old, more than half of the oocytes are

the correct evaluation of embryonic development potential is the . . .
y P P aneuploidy. In most cases, chromosomal imbalance is fatal to

basic guarantee fora good pregnancy outcome [1]. Currently, most embryos developing. Many studies are looking for the relationship

embryo assessment methods use morphological criteria, such as between aneuploidy and morphological score in embryos [7.8].

cell size, cell number, multinuclear, and percentage of cell debris in . . .
P g Some relationships have been confirmed, for example, some
aneuploidy embryos found cell division, uneven cell size, and

the number of multinucleated or atypical cells. In most cases,

embryos [2,3]. However, there is little correlation between these
characteristics and in vitro fertilization results, so morphological
grading plays a limited role in guiding embryo viability. In most
cases, the root causes of embryo block, implantation failure or
spontaneous abortion are chromosome number abnormalities

however, they have a slightly correlations. There is no reliable
morphological index of aneuploidy has been found in previous

loidv). A loidy has been found in h duri studies, which may be reasoned by technical constraints. Almost
.(anf-zup ?1 yl) n.eup ot yl as Segn oundin 4u111\1/[an oocy(’;t? uhrmg all studies and clinical investigations have assessed only a limited
n v1Fro ertilization as early as 30 years ago.,[ ] any.stu 1eSNaVe  umber of chromosomes in each embryo, so it is inevitable that
confirmed that human oocytes and pre-implantation embryos o . .

some embryos classified as euploidy which are actually abnormal,
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thereby aneuploidy was not detected. In this study, we used next-
generation sequencing (NGS), a molecular genetic method that
can simultaneously detect all chromosome abnormalities [9].
Up to now, there are few reports on the relationship between
blastocyst morphology and more detailed
abnormalities in blastocyst screening using NGS-like methods.
Therefore, it is necessary to reassess the potential relationship
between morphology and aneuploidy applying the data of whole
chromosome screening.

chromosomal

Methods and Materials
Samples

From June 2017 to August 2019, 102 cases of pre-implantation
genetic diagnosis were performed in our center. This study
was approved by the Clinical Research Ethics Committee of the
XinJiang JiaYin hospital. All patients provided written informed
consent before participation. They were divided into PGD
group and PGS group. There were 53 carriers with abnormal
chromosome structure. Among them, 10 cases were inverted,
24 cases were translocation, 4 case was derivation, 1 case was
47XYY, totally of 179 blastocysts were detected. There were 49
cases of pre-implantation genetic screening that have a total of
141 blastocysts. The main indications were age over 35 years old;
recurrent abortion; children with chromosomal aneuploidy.

Blastocyst score

Blastocysts were scored by Gardner’s scoring method.
According to the expansion or hatching of blastocysts, blastocysts
can be divided into 1 to 6 stages, and Morphological grading was
performed according to the number of cells in the inner cell mass
and trophoblastic layer. Internal cell grading according to the
internal cell manifestation, it can be divided into three levels:

a.  the number of cells is large and closely arranged.
b.  the number of cells is small and loosely arranged.
c.  the number of cells is very few or nonexistent.

Classification of trophoblasticlayer: According to trophoblastic
layer manifestations, it can be divided into three levels:

a.  alarge number of cells well-distributed around the cysts,
closely arranged.

b.  fewer cells loosely arranged.
c.  very few cells or no cells.

Blastocysts are classified into three categories: good
blastocysts (23AA); medium blastocysts (3, 4, 5, 6, AB and BA;
poor blastocyst (3,4,5,6 BB, AC and CA).

Blastocyst biopsy

Nutritional Ectoderm (TE) biopsy was performed on the 5th or
6th days, and immediately cryopreservation by vitrification after

biopsy. 23 pairs of chromosomes were screened for aneuploidy by
NGS analysis.

Genetic detection

After blastocyst biopsy, the obtained blastocyst trophoblast
cells were sent to the genetic testing laboratory for genetic
analysis. Pre-implantation chromosome aneuploidy detection
kit (semiconductor sequencing) was used to detect chromosome
aneuploidy, and on-line sequencing was carried out by lon Proton
high-throughput sequencing platform.

Statistical analysis

Data were processed and analyzed by SPSS17.0 statistical
analysis software. The difference p < 0.05 was considered
significant.

Results
Blastocyst grading and chromosome detection results

In the PGS group, 141 blastocysts were detected with good,
medium and poor levels which with the euploidy rates of 62.5%
(40/64), 58.1% (25/43) and 41.2% (14/34), respectively. The
aneuploidy rates of 21.9% (14/64), 16.3% (7/43) and 47.1%
(16/34) for good, medium and poor blastocysts. Other abnormal
rates of 15.6% (10/64), 25.6% (11/43) and 11.8% (4/34),
respectively. In the PGD group, the euploidy rates of 179 blastocysts
were 44.1% (37/84), 40.0% (20/50) and 40.0% (18/45). The
aneuploidy rates were 13.1% (11/84), 26.0% (13/50) and 35.6%
(16/45). The other abnormal rates were 42.9% (36/84), 34.0%
(17/50) and 24.4% (11/45), respectively.

The relationship between blastocyst grading and
chromosomal abnormalities in both PGS and PGD groups, the
rates of chromosomal abnormality increased with the decrease of
blastocyst grade, but there was no significant difference. With the
decrease of blastocyst grade, there was no significant difference
in chromosome euploidy rate and other abnormal rate between
PGS and PGD groups (Table 1). In good blastocysts, the euploidy
rate of PGD group was lower than that of PGS group, but there
was no significant difference; There was no significant difference
in aneuploidy rates between PGD group and PGS group; Other
abnormal rates of PGD group was higher than that of PGS group,
and there was significant difference. This result accorded with the
theory that chromosome abnormality carriers produced higher
fragment abnormalities in gametes.

Discussion

The little correlation was found in blastocyst stage embryo
morphology and euploidy rate (Table 2). Having a high scoring
ICM and TE had no significant euploidy rate than those with
poorer grades. Early studies reported the relationship between
aneuploidy and suggest that the TE or ICM score was positively
associated with the euploidy status oftheembryo [10,11]. However,
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in most cases, the correlation is weak, and no morphological
marker can accurately distinguish chromosomal abnormalities
from aneuploidy embryos. It indicated that morphology
could not guide the identification of embryonic aneuploidy. In
addition, it may be related to unclear understanding of embryo
classification as normal or aneuploidy, because previous studies
used Fluorescence in Situ Hybridization (FISH) to assess only one
fifth to half of the chromosomes of each cell. Later studies show
that aneuploidy can affect any chromosome. Therefore, in early
studies, some embryos inevitably misclassify undetected embryos
with abnormal chromosomes. Besides, many data focus on the
detection of individual cells to predict the effect of aneuploidy on

the morphology of the whole embryo. The effect of chromosome
microdeletion, microduplication abnormality was not considered.
At the same time, embryos have high frequency of chromosome
chimerism, occasionally diploid: aneuploid chimerism, so
occur the probability of some misclassification of chromosome
abnormalities in embryos. In this study, the relationship between
blastocyst morphological score and chromosomal abnormalities
was preliminarily analyzed because of the small amount of data,
and the relationship between blastocyst morphological score and
chromosomal abnormalities needs to be further studied through
large data.

Table 1: Chromosome Detection Results of Different Blastocyst Levels in PGS and PGD Groups.

Grade Euploidy P value Aneuploidy P value Other Abnormality P value
Good 38.10% 17.46% 44.44%
pap Medium 42.86% 0.861 20.00% 0.011 37.14% 0.11
Poor 37.93% 34.48% 27.59%
Good 65.85% 21.95% 12.20%
PGS Medium 52.00% 0.122 12.00% 0.005 36.00% 0.242
Poor 53.33% 40.00% 6.67%
Table 2: The relationship between euploidy rates with age, indication, and morphology score.
Variables Euploidy rate P value
PGD PGS PGD PGS
Ages(years)
35< 43.72% (73/167) 45.45% (10/22)
0.067 0.277
35> 16.66% (2/12) 57.98% (69/119)
Primary indications
I 31.64% (25/79) 60.41% (58/96)
I 36.11% (13/36) 33.33% (5/15) 0.005 0.063
I 57.81% (37/64) 43.33% (13/30)
Morphology
Good 44.05% (37/84) 62.50% (40/64)
Medium 40.00% (20/50) 58.14% (25/43) 0.861 0.122
Poor 40.00% (18/45) 41.18% (14/34)
ACM
A 42.97% (52/121) 61.85% (60/97)
38.88% (21/54) 41.86% (18/43) 0.833 0.06
C 50.00% (2/4) 100.00% (1/1)
TE
A 43.29% (42/97) 60.52% (46/76)
38.75% (31/80) 51.61% (32/62) 0.204 0.419
C 100.00% (2/2) 33.33% (1/3)

I= translocation for PGD, recurrent abortion for PGS; II = inversion for PGD, advanced maternal age for PGS; III = derivatives for PGD, with chromo-
somal aneuploidy children for PGS; ACM = inner cell mass; TE = trophectoderm. Difference was considered significant when P <0.05.
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