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Abstract

Objective: This study aimed to explore the correlation between the ultrasound phenotype and copy number
variation (CNV) of abnormal embryos in spontaneous abortion by investigating the abnormal chromosome
copy number of embryos at different developmental stages in early spontaneous abortion.
Methods: A total of 539 patients who had early spontaneous abortion in our hospital between 2015 and
2019 were divided into seven groups according to the phenotype of abnormal embryonic development dur-
ing pregnancy, and the embryonic tissues of the patients were subjected by single nucleotide polymorphism
(SNP) microarray.
Results: Among 377 cases with abnormal CNV, 295 (78.25%) cases had chromosome trisomy, and
28 (7.43%) cases had a combination of more than two chromosomes. Triploidy, tetraploidy, chromo-
some microdeletion/duplication, uniparental disomy, and monosomy 45,X were found in 32 (8.48%),
five (1.32%), 31 (8.22%), four (1.02%), and eight (2.12%) cases, respectively. Two (0.53%) cases had
autosomal chromosome 21 monosomy. Normal karyotype had the highest proportion in the empty sac
group; trisomy 16 accounted for the bulk of chromosomes in the normal yolk sac group, complex trip-
loidy occupied the most part in the abnormal yolk sac group, and no remarkable difference in chromo-
somal abnormality proportion was found between the normal and abnormal yolk sac groups; the most
frequent chromosomal anomaly in a group of germ without cardiac activity and germ<5 mm was tri-
somy 16; triploidy was the most common in the group with 5 mm ≤ germ ≤ 15 mm, whereas the main
distribution of chromosome karyotype was normal, followed by trisomy 13 in a group with
germ>15 mm.
Conclusion: Abnormal embryos with different ultrasound phenotypes in early spontaneous abortion have
various CNV types and characteristic distribution. Thus, ultrasound combined with SNP array can provide
a basis for the etiological analysis of embryos in spontaneous abortion.
Key words: abnormal embryo, copy number variation, spontaneous abortion, ultrasound phenotype.

Introduction

Early spontaneous abortion is defined as miscarriage
before 12 weeks of pregnancy, which can be a result
of abnormal embryonic development. Spontaneous

abortion occurs in approximately 15%–20% of preg-
nancies,1 and early spontaneous abortion accounts for
80% of spontaneous abortions.

The abnormal developmental morphologies of
embryos in the early state can be described and rev-
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ealed with ultrasound technology. The four ultrasonic
characteristics during early pregnancy include gesta-
tional sac, yolk sac, germ, and cardiac activity.2,3

These characteristics are the key indicators used to
evaluate embryonic development. Abnormal early
embryonic development, such as the absence of yolk
sac and embryo (empty gestational sac), yolk sac
without germ, yolk sac with germ but without cardiac
activity, and yolk sac with germ and cardiac activity
but with cardiac activity arrest, can occur at any stage
and manifest in sonographic features, which are used
to predict adverse outcome in the first trimester.4

The clinical manifestations of 50%–70% of chromo-
somal abnormalities in human embryos are anoma-
lous or stagnant at the early phase of embryo
formation.5 Fetal dysplasia has various ultrasound
phenotypes. This study explored whether copy num-
ber variations (CNVs) and ultrasound abnormalities
are correlated.

Materials and Methods

Subjects in the Maternal and Child Health Hospital of
Guangxi Zhuang Autonomous Region from January
2015 to December 2019 who underwent ultrasound
examination and abortion villi detection by single
nucleotide polymorphism (SNP) microarray for
“abnormal or stagnant embryo” were retrospectively
analyzed.

Inclusion criteria

1. Termination of pregnancy was due to abnormal
embryo development or embryo discontinuation at
6–12 weeks of gestation;

2. Gynecological ultrasound examinations during
6–8 weeks of pregnancy were ≥ 2 times;

3. Abortion tissues were tested by SNP microarray in
the laboratory of our hospital.

Exclusion criteria

1. Termination of pregnancy was not due to
abnormal embryo development or embryo
discontinuation;

2. Gynecological ultrasound examinations at
6–8 weeks of pregnancy were < 2 times;

3. Abortion tissues were not tested by SNP
microarray.

Diagnostic criteria for abnormal embryo
development or embryo discontinuation

1. Yolk sac or germ was not found in the gestational
sac at the sixth week of gestation;

2. The embryonic length only reached 4 mm, and no
cardiac activity was detected by ultrasound after
1 week, or embryonic length was greater than
7 mm but without cardiac activity;

3. Cardiac arrest occurred after the occurrence of car-
diac activity.

Diagnostic criteria for abnormal yolk sac

1. Yolk sac diameter ≤ 3 mm;
2. Yolk sac diameter ≥ 8 mm;
3. Irregular yolk sac or yolk sac calcification.

Classification criteria and definition of embryo
ultrasound

Embryo abnormalities were categorized into four
groups as follows:

1. Empty gestational sac group: No yolk sac and
germ were found in the gestational sac at 6 weeks
of pregnancy.

2. Yolk sac without germ group: Yolk sac was
detected in the gestational sac at 5–6 weeks, but no
germ was found after 2 weeks. This group was fur-
ther divided into two subgroups (normal yolk sac
group and abnormal yolk sac group) according to
yolk sac shape.

3. Germ without cardiac activity group: Germ length
was <4 mm or >7 mm, and no cardiac activity was
detected by ultrasound after 1 weeks.

4. Cardiac arrest group: Cardiac activity was detected
after 6 weeks of gestation, then ultrasound proved
that the cardiac activity disappeared at least two
times. This group was further divided into three sub-
groups on the basis of germ length (germ < 5 mm
group, 5 mm ≤germ ≤ 15 mm group, germ > 15 mm
group).

SNP microarray

Technical principle
Gene probes with known sequences are integrated on
the solid surface, and a large number of labeled
nucleic acid sequences in the tested biological cells or
tissues are hybridized with the probe array. Rapid
detection of gene information is realized by detecting
the corresponding hybridization probes. QIAamp
DNA Blood Mini Kit was used to extract the genomic
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DNA of abortion tissues according to the operation
manual of the kit (Qiagen, Germany), the DNA was
eluted with Tris–EDTA solution. The DNA concentra-
tion was ≥50 ng/μL as determined by spectrophotom-
etry, and the optical density at 260/280 nm was
between 1.7 and 1.9. At least 200 ng DNA (4 μL)
was taken for single-base extension and chip staining
according to the operating procedure. Human
CytoSNP-12 Beadchip Kit (Illumina, USA), which con-
tains about 300 000 detection sites, was used.
ISCAN scanning system was used to collect data,

and Karyostudio software (Illumina, USA) was used
to analyze the results. The chip results were divided
into three categories according to clinical significance:
pathogenic, benign, and variant of uncertain signifi-
cance. The databases used include the Database of
Genomic Variant, Database of Chromosomal Imbal-
ance and Phenotype in Humans using ensemble
Resources, Online Mendelian Inheritance in Man, and
International Standard for Cytogenomic Arrays Con-
sortium database.

Interpretation criteria for positive copy number
The detected results of spontaneous abortion tissue
specimens were interpreted as pathogenic CNVs,
including chromosome trisomy and complex trisomy
(more than two chromosome trisomy), triploidy, tetra-
ploidy, chromosomal monosomy, microdeletion or
microduplication, uniparental disomy (UPD), and
others.
Chi-square analyses were used to test the positive

rate of each group by PASW statistics 18 software,
p < 0.05 was regarded as significant.

Ultrasound instrument and pregnancy marker
measurement

The ultrasound monitoring instruments used in the
study were TOSHIBA-A500A (Japan), voluson E8
(United States), and ALOKA-ARIETTA 70 (Japan),
and the probe frequency was 5.5–7 MHz. Bladder
position was identified, then vaginal probe was
inserted into the posterior fornix of the vagina and
scanned in longitudinal, transverse, and oblique direc-
tions. All ultrasound measurements were performed
by the same sonographer with CDFI license (the
sonographer is the third author).
The mean value of two meridians represents the

size of the gestational sac (one meridian is the maxi-
mum inner diameter, and the other meridian is the
maximum distance perpendicular to the maximum
inner diameter). The maximum distance from the

T
A
B
L
E
1

U
lt
ra
so
un

d
ph

en
ot
yp

e
an

d
nu

m
be

r
of

sp
on

ta
ne

ou
s
ab

or
ti
on

ca
se
s:

Sh
ow

s
th
e
nu

m
be

r
an

d
pr
op

or
ti
on

of
sp

on
ta
ne

ou
s
ab

or
ti
on

pa
ti
en

ts
w
it
h
d
if
-

fe
re
nt

ul
tr
as
ou

nd
ph

en
ot
yp

es

U
lt
ra
so
un

d
ph

en
ot
yp

e
E
m
pt
y
sa
c

Y
ol
k
sa
c
w
it
ho

ut
ge

rm

G
er
m

w
it
ho

ut
ca
rd
ia
c
ac
ti
vi
ty

C
ar
d
ia
c
ar
re
st

N
or
m
al

yo
lk

sa
c

A
bn

or
m
al

yo
lk

sa
c

G
er
m

<
5
m
m

5
m
m

≥
ge

rm
≤
15

m
m

G
er
m

>
15

m
m

C
as
es

(n
)

75
56

45
16
9

40
10
2

52
G
es
ta
ti
on

al
ag

e
(M

�
SD

)
6.
32

�
0.
71

6.
80

�
0.
79

6.
82

�
0.
65

7.
17

�
0.
63

7.
33

�
0.
75

7.
79

�
0.
87

9.
12

�
0.
56

Pr
op

or
ti
on

(%
)

13
.9
1

10
.3
8

8.
34

31
.3
5

7.
42

18
.9
2

9.
64

N
ot
e:
T
he

ho
ri
zo

nt
al

is
ul
tr
as
ou

nd
ph

en
ot
yp

e,
an

d
th
e
ve

rt
ic
al

is
th
e
nu

m
be

r
an

d
pr
op

or
ti
on

.

3781© 2021 The Authors. Journal of Obstetrics and Gynaecology Research published by John Wiley & Sons Australia, Ltd
on behalf of Japan Society of Obstetrics and Gynecology.

Embryo’s ultrasound phenotype and CNV



inner edge of the sac represents the yolk sac diameter.
The length of an embryo is the maximum distance
between the head and buttock diameter. Cardiac
activity is a pulsation signal visible to the naked eye
or a blood flow signal detected under B-scan
ultrasound.

Curettage and retention of abortion tissue

Clinicians asked the subjects to sign the consent form
for uterine curettage and detection of abortion tissue
SNPs by microarray for the diagnosis of abnormal
embryo development or embryo discontinuation.

Bladder position was identified. Then, a suction tube
with a negative pressure of 300–500 mmHg was used
to suck the contents of the uterine cavity until rough.
Villus tissue was selected, soaked in normal saline,
and sent to the laboratory within 24 h. Decidual tissue
was avoided in the whole process to prevent mixing.

Results

A total of 539 cases met the diagnostic criteria of
spontaneous abortion and successfully underwent

TABLE 2 Ultrasound phenotype and abnormal copy number distribution of abnormal embryo in spontaneous abortion:
Shows the characteristic distribution of different CNVs in various ultrasound phenotypes

Karyotype
Empty
sac

Yolk sac without germ
Germ without
cardiac
activity

Cardiac arrest

Normal
yolk sac

Abnormal
yolk sac

Germ
<5 mm

5 mm ≤ germ
≤ 15 mm

Germ >
15 mm

Normal copy number
46,XY 22 3 4 17 4 18 12
46,XX 20 7 4 20 2 12 17

Autosomal copy number
abnormality
Autosomal trisomy 13 39 22 109 24 45 15
Autosomal monosomy 0 0 0 0 2 0 0
Triploidy 3 0 0 5 3 21 0
Tetraploidy 2 0 0 2 1 0
Compound trisomy 3 3 13 6 3 0 0
Microdeletion/duplication 10 4 1 9 2 3 2
UPD 2 0 1 1 0 0 0

Abnormal copy number of sex
chromosome
45, X 0 0 0 0 0 2 6

Total abnormal CNV 33 46 37 132 34 72 23
CNV-positive rate 44.00% 82.14% 82.22% 78.11% 85.00% 70.59% 44.23%

Note: Chi-square analyses of multiple samples were used to test the positive rate of the seven groups, p < 0.01 was regarded as significant.
Data are n unless otherwise specified.

FIGURE 1 Empty sac group: Ultrasound pictures illustrating empty gestational sac on the 42nd day of pregnancy, and
still empty gestational sac on the 53rd day of pregnancy. The copy number of abortion tissue detection was arr (1–22)
x2, (X) x2
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chorionic chromosome examination in our hospital
from January 2015 and December 2019. The mean
maternal age was 32.8 � 4.6 years (range 24–
45 years), pregnancy times were 1–11, the number of
births was 0–2, the average number of previous spon-
taneous abortion was 2.88 � 1.76 (range 0–6), and the
average gestational age at the moment of abortion
was 7.75 weeks. The ultrasound phenotype, the num-
ber of cases (proportion), and the gestational age
(M � SD) of spontaneous abortion are shown in
Table 1.
Among the 539 tissue samples collected, 162 (30.05%)

showed no abnormality, and 377 (69.94%) cases were
positive for abnormality.
Among the 377 cases with CNV abnormalities,

295 (78.25%) had trisomy, 32 (8.48%) had triploid,
31 (8.22%) had chromosome microdeletion/duplica-
tion, and 28 (7.43%) had a combination of more than
two chromosomes. Additionally, sex chromosome
monosomy, tetraploidy, and UPD (1–22, X) were

found in eight (2.12%), five (1.32%), and four (1.06%)
cases, respectively. Only two (0.53%) cases had auto-
somal chromosome 21 monosomy.

In this study, the ultrasound phenotypes of abnor-
mal embryo development in spontaneous abortion
were divided into seven groups. Each group had dif-
ferent CNVs. Their distribution is shown in Table 2.
The ultrasound pictures and cases of the seven groups
are shown in Figures 1–7.

The distribution, number and proportion of each
autosomal trisomy in seven groups of ultrasound
phenotypes in this study are shown in Table 3. No
cases of trisomy 1 and trisomy 19 were found in the
study.

Discussion

The development of early embryos can stop at differ-
ent stages.6 Differences in the stage of embryonic

FIGURE 2 Yolk sac without germ group (normal yolk sac): Ultrasound pictures illustrating yolk sac with a diameter of
5 mm on the 39th day of pregnancy, and on the 49th day of pregnancy, ultrasound pictures illustrating yolk sac with a
diameter of 5.2 mm but still without germ. The copy number of abortion tissue detection was arr (4) x3

FIGURE 3 Yolk sac without germ group (abnormal yolk sac): Ultrasound pictures illustrating yolk sac with a diameter of
8 mm on the 49th day of pregnancy, and on the 55th day of pregnancy, ultrasound pictures illustrating yolk sac with a
diameter of 10 mm but still without germ. The copy number of abortion tissue detection was arr (16) x3
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apoptosis may be due to difference in chromosomal
abnormalities,7 which carry different teratogenic and
lethal genes. Therefore, an in-depth study will help to
further reveal the relationship between different chro-
mosomal abnormalities and fetal development
defects. This study is devoted to exploring the correla-
tion between abnormal embryonic development in
early pregnancy and chromosomal copy number
abnormalities.

In this study, the chromosomal abnormalities of
embryos in early spontaneous abortion manifested as
abnormal chromosome number.8,9 This finding is con-
sistent with most research reports.10,11 The ratio of
chromosomal aneuploidy, including chromosome tri-
somy and compound trisomy, was the highest,
followed by triploidy, CNV, tetraploidy, and few
UPD and chromosomal monosomy. The most com-
mon type of ultrasound phenotypes of spontaneous
abortion was found in the germ without cardiac

activity group, followed by 5 mm ≤ germ ≤15 mm in
the cardiac arrest group, and the empty sac group.
Empty sac accounted for 13.91% of the ultrasound

phenotypes in this study. In the CNV examination of
abortion tissues, the rate of normal chromosome was
56%. The empty sac group had the highest proportion
of normal karyotypes among the different embryonic
abnormalities. Consistent with the research reports of
many scholars,12,13 non-genetic factors, such as
immune abnormality, may play an essential role in
the cause of empty gestational sac. The absence of
embryonic tissue in an empty gestational sac was not
ruled out. Relevant immune antibody test is rec-
ommended after embryo abortion, particularly those
with empty yolk sac, even in first-time spontaneous
abortion.
No remarkable difference was found in the positive

rate of chromosomal abnormalities between the
abnormal and normal yolk sac groups. Our finding is

FIGURE 5 Cardiac arrest group (germ<5 mm): Ultrasound pictures illustrating the germ with cardiac activity was
4.1 mm on the 47th day of pregnancy, but on the 55th day of pregnancy, ultrasound pictures illustrating the cardiac
activity disappeared and the germ was 4.2 mm. The copy number of abortion tissue detection was arr (22) x3 combined
with arr (13) x3

FIGURE 4 Germ without cardiac activity group: Ultrasound pictures illustrating the germ without cardiac activity was
2.7 mm at 6 weeks of gestation, and at 7 weeks of gestation, ultrasound pictures illustrating the germ without cardiac
activity still was 2.7 mm. The copy number of abortion tissue detection was arr (20) x3
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inconsistent with a previous study,14 which reported
the rate of chromosomal abnormality with abnormal
yolk sac was higher than that with normal yolk sac.
The present study suggested that the types of chro-
mosomal abnormalities were different between the
normal and abnormal yolk sac groups. The ratio of
trisomy 16 was the highest in the normal yolk sac
group, followed by trisomy 22 and normal chromo-
some karyotype, whereas triploidy accounted for the
highest proportion in the abnormal yolk sac group,
followed by trisomy 16. This difference may be
related to the fact that complex trisomy contains more
abnormal genes and thus results in abnormal yolk sac
formation. Studies by other scholars suggested that
trisomy 2210 or trisomy 16 accounts for the largest
proportion when the yolk sac is larger than 5 mm.15

Our result is different from these studies.
The germ without cardiac activity group was the

largest group in ultrasound phenotypes, and trisomy

16 had the highest percentage in this group, followed
by trisomy 22 and normal karyotype. Such abnormal
chromosome distribution was the same as that in the
cardiac arrest group with germ <5 mm. This result is
consistent with many previous literature reports.16

This result indicates that chromosomes 16 and 22 con-
tain important regulatory genes for embryonic devel-
opment after germ emergence. The cardiac tube
system of the embryo cannot form normally or stops
from developing soon after the appearance of cardiac
activity when abnormalities occur.

In the cardiac arrest group with 5 mm ≤ germ
≤15 mm, triploidy had the largest ratio among abnor-
mal karyotypes and accounted for 8.23% of all abor-
tion tissues in this study. Compared with autosomal
trisomy or monosomy, triploidy has greater develop-
mental potential; embryos with longer germ length
and even some trisomies could survive until the mid-
dle and late stages but with severe fetal growth

FIGURE 6 Cardiac arrest group (5 mm ≥ germ≤15 mm): Ultrasound pictures illustrating the germ was 6.1 mm and car-
diac activity appeared on the 45th day of pregnancy, but on the 58th day of pregnancy, ultrasound pictures illustrating
the cardiac activity disappeared and the germ was 14 mm. The copy number of abortion tissue detection was arr (1–22)
x3, (X) x2, (Y) x1

FIGURE 7 Cardiac arrest group (germ > 15 mm): Ultrasound pictures illustrating the germ was 7.1 mm and cardiac activ-
ity appeared on the 46th day of gestation, but on the 63th day of gestation, ultrasound pictures illustrating the cardiac
activity disappeared and the germ was 23 mm. The copy number of abortion tissue detection was arr (13) x3
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restriction and other structural abnormalities as
observed by ultrasound.17 This longer survival time
may be because triploids do not cause the deletion of
key genes related to early embryonic development.
In the cardiac arrest group with germ >15 mm, the

distribution of chromosomal karyotypes according to
proportion was as follows: normal karyotype, trisomy
13, trisomy 21, and trisomy 18, which was close to the
characteristics of fetal chromosomal abnormalities in
the second trimester.18 Our results showed that the
trisomies of chromosomes 13, 18, and 21 have no sub-
stantial influence on early embryonic cell apoptosis.
Thirty-one cases of chromosome microdeletion or

microduplication were analyzed in this study. The
proportion of these cases is 8.23%, which is slightly
higher than those in other studies.19,20 Among the
31 cases, 28 cases have more than 5 MB CNV, which
exist in all chromosomes except for chromosome
21 and sex chromosome, for the above 28 cases, chro-
mosome 9, chromosome 5 and chromosome 8 could
be found in seven, five, and four cases. In addition,
this study also found 10 cases have two chromosomes
microdeletion or microduplication at the same time,
in the subsequent karyotype verification of couples, it
turned out that one side of the couple has chromo-
somal balanced translocation in six couples, which
prompted that chromosomal balanced translocation
was one of the main causes of recurrent abortion.
Many studies have reported the relationship of patho-
genic CNVs to early miscarriage and embryo
termination,21 these studies indicated that CNVs are
the causes of early miscarriage in patients. The find-
ings greatly improve the diagnostic level and enrich
the etiology database of spontaneous abortion.
Four cases of chromosome-wide UPD were found

in this study. Among them, two cases occurred in the
empty pregnancy sac group. Chromosome-wide UPD
caused by parthenogenesis or parthenogenesis is one
of the reasons for early spontaneous abortion.22,23

Only two cases of autosomal chromosome 21 mono-
somy were found in the present study. Monosomy is
lethal because of the large loss of genetic material;
thus, spontaneous abortions caused by monosomy
often occur very early in pregnancy.24

Monosomy 45,X, which accounted for 2.06% of the
chromosomal abnormalities, was the only abnormal-
ity about sex chromosomes in this study, and its ultra-
sound phenotype was concentrated in the group with
germ >15 mm. No additional CNV of sex chromo-
some was observed.25 Thus, chromosome gene loss
caused by sex chromosome abnormality usually leads

to miscarriage after 8 weeks of pregnancy and defor-
mity, such as fetal edema.26

There were five cases of tetraploidy, the detection
of tetraploidy by SNP-array in this study was deter-
mined by calculating the frequency of B allele. So, we
were unable to identify whether the formation mecha-
nism of tetraploidy was the hidden twins or caused
by nuclear mitosis, we also cannot rule out the exis-
tence of balanced(2:2)tetraploidy in normal group.

This study demonstrates that abnormal embryos at
different development stages have specific ultrasound
phenotypes,27 and different ultrasound phenotypes
have different CNV features.28 The results can pro-
vide etiological basis for the diagnosis and treatments
of spontaneous abortion, complement and perfect var-
ious embryonic development phenotype with abnor-
mal CNV, improve the diagnosis and treatment of
spontaneous abortion and clinical consultation level,
and promote reproductive health. The weakness of
our study is that the number of cases in some groups
is insufficient; the limited number is not fully repre-
sentative of the CNV characteristics of abnormal
embryos.
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