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Abstract To investigate the association of specific ultrasonography features identified during
the diagnosis of early pregnancy loss (EPL) and abnormal karyotype. This was a systematic re-
view and meta-analysis conducted in accordance with PRISMA criteria. We searched PubMed,
Cochrane and Ovid MEDLINE from 1977 to Jan 2017 to identify the articles that described EPL
with karyotype and ultrasonography features. Risk differences were pooled to estimate the
chromosomal abnormality rates in ultrasonography features, including pre-embryonic,
enlarged yolk sac (YS), short crown rump length (CRL), small gestational sac (GS), symmetrical
arrested growth embryo, or gestational sac with only a YS. Quality assessment of included
studies was performed using Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) checklists for Observational Studies (2007 version). Thirteen studies were
included in the meta-analysis. Chromosomal abnormality was more likely to occur in embry-
onic EPL and enlarged YS. On the other hand, short CRL, small GS, symmetrical arrested growth
embryo, or gestational sac with only a YS, were not associated with an increased risk of fetal
chromosomal abnormality. Ultrasonography features at the time of diagnosis of EPL have
limited predictive value of fetal chromosomal abnormality.
Copyright ª 2019, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Introduction

In natural conception, about 15% of clinical pregnancies
results in miscarriage1; whereas in in vitro fertilization
(IVF), the miscarriage rate fluctuates at a higher level of
20%e30%.2,3 Most pregnancy loss occurs in the first
trimester, especially during 6e8 weeks of gestation.4e6

Chromosomal abnormalities account for about half of all
the early pregnancy losses (EPLs) in both natural and
assisted reproductive conceived pregnancies.1,7

Transvaginal ultrasound (TVS) has been proven to be a
reliable technique to monitor the morphological develop-
ment of human embryo as early as 5 weeks of gestation.8

After the implantation of the embryo, the first embryonic
structure that can be seen by TVS is a sac structure formed
by extraembryonic mesoblast, clinically known as the
gestational sac (GS) at around 5 weeks of gestation. At
around 6 weeks of gestation, the secondary yolk sac (YS)
and the primary germ layers, referred to as “fetal pole” in
ultrasound terminology, could be detected within the
gestational sac. During the 7th week, the primitive cardiac
tube could be detected by TVS, referred to as “fetal
heart”. These developmental changes could be identified
by transabdominal ultrasound (TAS) about 5 days later
compared with TVS,9 so TVS were usually preferred in early
pregnancy scanning. Several ultrasonography features were
observed in early pregnancy. Based on the presence or
absence of an embryonic pole (fetal pole) during ultrasound
scanning, sonographic features of EPL were commonly
categorized into embryonic or anembryonic/pre-
embryonic, also referred to as ‘with’ or ‘without em-
bryo’; whereas, ‘empty sac’ was described by continued
absence of embryonic structures inside the GS in serial
scans.10 A slightly difference may exist between features of
an ‘empty sac’ versus an ‘anembryonic’ pregnancy, in
terms of whether or not a YS can be seen or not.6,7 Sec-
ondary yolk sac is considered as enlarged when the diam-
eter exceeds 95th centile for expected size or more than
6 mm; short crown rump length (CRL) and small GS are
usually described when the measurement were less than
5th centile for expected size; whilst, early symmetrical
arrested growth refers to simultaneous arrest of growth of
both gestational sac and CRL.10 However, during this rapidly
changing stage after implantation, the ability of early ul-
trasound to predict pregnancy outcomes appears to be
limited. Therefore, in this study we are trying to identify
the association between ultrasonography features and
abnormal karyotypes in early pregnancy loss.

Methods

Literature search

A literature review was performed according to PRISMA
guidelines.11 Relevant citations on chromosomal abnor-
malities and ultrasound morphologies in early pregnancy
loss were extracted from PubMed, Cochrane and Ovid
MEDLINE from 1977 to Jan 2017 to identify the relevant
articles. The following keywords and their synonyms were
used: (“chromosomal abnormalities” OR “chromosomal
imbalance” OR “chromosomal anomalies” OR “cytogenetic
analysis” OR “genetic abnormalities” OR “genomic imbal-
ance” OR “genetic anomalies” OR “aneuploidy” OR “kar-
yotype” OR “array” OR “microarray” OR “sequencing”) AND
(“early pregnancy loss” OR “pregnancy loss” OR “miscar-
riage” OR “abortion” OR “spontaneous abortion” OR
“missed abortion” OR “failed pregnancy” OR “products of
conception”) AND (“ultrasound” OR “scanning” OR “so-
nography” OR “transvaginal ultrasound” OR “crown rump
length” OR “fetal pole” OR “gestational sac” OR “yolk sac”
OR “embryonic pregnancy” OR “anembryonic pregnancy”
OR “embryonic gestation” OR “anembryonic gestation”).
No restrictions on language or type of publication were
applied to the primary search.

Inclusion and exclusion criteria

During the screening and selection of literature, all the
studies investigating the association between ultrasono-
graphic morphology and chromosomal abnormalities in
early pregnancy loss were considered eligible for inclusion.
The articles had to be written in the English language. All
pregnancy loss between 5 and 12 weeks of gestation with
ultrasound assessment and karyotyping by either conven-
tional G-banding or microarray were included. Studies that
included only ultrasound fetal structural abnormalities or
genetic screening without ultrasound parameters in early
pregnancy were excluded. The pregnancies with chromo-
somal abnormalities but miscarried in gestational weeks
after 12 weeks were also excluded. The main study out-
comes were chromosomal abnormality rates in early preg-
nancy loss between 5 and 12 weeks of gestation, with or
without a transvaginal ultrasound identifiable embryo
(“fetal pole”). Other outcomes were chromosomal
abnormal rates in early pregnancy loss with or without a
small GS, short CRL, enlarged YS, or YS only.10 All outcomes
were reported as per ultrasonography features.

Titles and abstracts of all identified studies were
screened and the full paper of the preselected articles was
read by two researchers (J.H. and W.Z.). If 2 � 2 tables of
any ultrasonographic features could be constructed the
study was selected for final inclusion.

Quality assessment

The relevance and methodological quality of each included
study was scored by using the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) check-
lists for Observational Studies (2007 version). The following
characteristics of the studies were also taken into consid-
eration: data collection method (prospective or retro-
spective), selection bias (i.e. products of conception were
collected by patient at home and then submitted to labo-
ratory), information bias (i.e. pregnancy in IVF setting
would be more precisely dated than that of the LMP in
natural pregnancy), and attrition bias (i.e. pregnancy loss
caused by unidentified uterine factors).

Data extraction

Both researchers (J.H. and W.Z.) extracted the data from
the article independently by using standardized data
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extraction forms. In the 2 � 2 tables, the numbers of
chromosomally normal and chromosomally abnormal preg-
nancies for one ultrasound parameter were recorded. If
multiple parameters were reported in the same study, each
parameter would be documented in a 2 � 2 table.

Statistical analysis

The odds ratios (ORs) and 95% confidence intervals (CIs)
were used to demonstrate the association of chromosomal
abnormalities with different ultrasound features, with p
value less than 0.05 considered as statistically significant.
Between-study heterogeneity was measured by I2 A
random-effects model was applied to pool the data. All
statistical analyses in this study were performed us-
ing Mantel-Haenszel (M-H) method, random effects Re-
view Manager 5.3 (http://community.cochrane.org/tools/
review-production-tools) and listed separately.

Results

Systematic search, selection and data extraction

The search revealed 523 records (Fig. 1). There were 103
duplicated records that were removed. Following the
screening of the titles and abstracts, 372 articles were
excluded as full text was not available, non-English lan-
guages, or unsuitable article types (review, case report or
book chapter). There were 48 studies identified to be
potentially eligible for inclusion. After reviewing the man-
uscripts and assessing the inclusion criteria and methodo-
logical quality, 13 studies were eligible for final inclusion.

From the 13 included studies, 2 � 2 tables for the
chromosomal abnormality rate in EPL with or without
ultrasound identifiable embryo could be con-
structed6,7,10,12e21; four of these studies were included
for the chromosomal abnormality rate in EPL with short
CRL7,10,14,20; two studies for the chromosomal abnormal-
ity rate in EPL with small GS7,10; two studies for the
chromosomal abnormality rate in EPL with YS only7,17;
two studies for the chromosomal abnormality rate in EPL
with symmetrical arrested growth7,10; one study for the
Figure 1 Flow chart of systematic search, selection and data
extraction according to PRISMA.
chromosomal abnormality rate in EPL with enlarged YS.10

Table 1 summarized the general information of the 13
included studies in the analysis.

Study characteristics

Characteristics of included studies were summarized in
Table 2. Apart from 3 studies that did not describe their
study design, there were five prospective studies and five
retrospective studies. All the studies reported on ultra-
sound findings in details and the corresponding karyotype.
In this particular meta-analysis the study design of the
incorporated studies might not be so important to the
outcome of the results, since all the information needed for
analysis was well-recorded regardless of the study type.

Fig. 2 exhibits the overall risk of bias in this meta-
analysis. The overall selection bias was high as all the
included studies need to provide information for both ul-
trasonography features and chromosomal tests in EPL.
Apart from 3 studies that did not list their recruitment
criteria,12,14,21 the other 10 studies described similar re-
quirements when selecting the cases, such as the specific
gestational age and at least one ultrasound measurement
before identification of miscarriage. The information bias
could be affected by a series of factors, including whether
the patients conceived naturally or by IVF, and the methods
for karyotype determination. There were two studies using
a combination of trans-vaginal and trans-abdominal ultra-
sound scan method, which could contribute to the infor-
mation bias.13,16 Seven studies described that the
researchers had designed the study carefully to minimize
measurement error.6,7,10,12,14,15,18 The information bias
might be under-estimated as the majority of the studies did
not mention whether the ultrasound scans were performed
by the same doctor, or whether the managing doctors were
blinded to the patients’ history. For the attrition bias, eight
studies indicated that their cases were well followed-up.
Nevertheless, the other five studies did not report the
attrition problems. The attrition bias is unlikely to affect
the result of this meta-analysis, as the study focuses on the
association between the ultrasound morphology and kar-
yotype records of early pregnancy loss, which does not
require long-term follow-up.

Odds ratios

The forest plots of 13 included studies and pooled results
from the meta-analysis are shown in Fig. 3. Individual
studies were considered heterogeneous with I2 mainly over
60%. A negative association have been found between
abnormal karyotype and pre-embryonic ultrasound features
in early pregnancy loss (p Z 0.03, OR Z 0.68, 95%
CI Z 0.48e0.97). It seemed that enlarged YS was highly
related with aneuploidy (p < 0.0001, OR Z 27.39, 95%
CI Z 5.99e125.24), but this feature only involved one
study.10 The other ultrasound features, including short CRL
(p Z 0.34, OR Z 1.37, 95%CI Z 0.72e2.59), small GS
(p Z 0.36, OR Z 0.46, 95%CI Z 0.09e2.42), symmetrical
arrested growth embryo (p Z 0.30, OR Z 6.30, 95%
CI Z 0.20e199.78), or gestational sac with only a yolk sac
(p Z 0.07, OR Z 0.79, 95%CI Z 0.61e1.02), did not affect

http://community.cochrane.org/tools/review-production-tools
http://community.cochrane.org/tools/review-production-tools


Table 1 Summary of general information of the 13 included studies.

Study Inclusion
criteria for
original study

Maternal
age

No. of
cases

Monitoring strategy for
miscarriage

Way of
conception

Gestational
period

Previous
miscarriage

Tissue
collect
method

Culture/
direct

Detection
methods

Maternal
contamination

US

Li (2016) Singleton EPL 32.2 2172 serum b-hCG levels
were checked 2wks
after ET; patients with
increased b-hCG were
referred for TVS to
confirm the pregnancy
and assess embryo
viability 4e5wks after
ET, at least two TVS
between 6th and 12th
week of gestation.

IVF �12 wks NA NA Direct CMA þ FISH NA TVS

Liu (2015) Miscarriage for
D&C

32.8 183 First TVS 6e7wks. If no
fetal cardiac activity,
repeat 1 week later; if
with fetal cardiac
activity, repeat every
2wks until 10e12wks.

NA �12 wks Yes SE Culture G-banding NA TVS

Romero (2015) Pregnancy loss
<20 wks

31.1 64 NA NA �20 wks Yes SP, SE Direct CMA Excluded NA

Cheng (2014) POC for
cytogenetic
tests

32.4 223 NA NA NA Yes SE Culture G-banding NA TVS/TAS

Angiolucci (2011) Singleton EPL 35.6 156 Spontaneous
conception, at least
one TVS scan
performed prior to
documentation of EPL,
and successful
karyotyping from POC.
The second scan was
performed 3e30 days
after the first scan to
document EPL.

Natural
conception

�12 wks Yes SE Both G-banding Excluded TVS

Ljunger (2010) Miscarriage for
D&C

31.8 259 NA NA �12 wks NA SE Direct G-banding NA TVS

Munoz (2010) Singleton EPL 35.2 185 All missed miscarriage
will be offered a CVS
before evacuation of
POC

NA �12 wks Yes CVS before
SE

Direct G-banding NA TVS

Lathi (2007) Singleton EPL 36.8 272 NA Mixed 6e10 wks NA SE Culture G-banding NA TVS
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the likelihood of chromosomal abnormalities in early
pregnancy loss.

Distribution of chromosomal abnormalities

As summarized in Table 3, there was no report of trisomy 1
in any of the studies. Monosomies were not common in EPL,
except 45,X. Compared with sex chromosomal abnormal-
ities, autosomal trisomies were the most common type of
chromosomal abnormalities in EPL. Furthermore, the three
most common trisomies in EPL with embryo structures
identified by ultrasound scanning involved chromosomes
16, 22 and 21; while without embryo involved chromosomes
16, 22 and 2. Viable aneuploidy include trisomy 13, trisomy
18, trisomy 21, and 45,X. The rate of viable aneuploidy was
29.6% in EPL with “fetal pole” identified by ultrasound,
while 21.8% in those without.

Discussion

This study was the first comprehensive systematic review
and meta-analysis of the association between the ultra-
sound morphological features of EPL and specific chromo-
somal abnormalities. A total of 4231 EPLs with sonographic
morphological data, including 2163 abnormal karyotypes,
were analyzed. In accordance with previous studies, chro-
mosomal abnormalities account for about 50% of EPLs.
Though the results of this meta-analysis showed that EPL
without embryo has a lower chromosomal abnormality rate
than those with embryo, the proportion of viable chromo-
somal abnormalities in embryonic EPLs was higher than that
of pre-embryonic ones. This provides evidence that the
earlier the pregnancy loss happens, the higher the possi-
bility of the detrimental embryonic chromosomal abnor-
malities. It could also be possible that besides non-viable
embryonic chromosomal abnormalities, other factors, such
as maternal causes including immune disorders and uterine
anomalies, would assume an increasingly important role in
affecting the developing embryo and thus cause its demise.
Whilst viable pregnancies with chromosomal abnormalities
but miscarried after 12 weeks in gestational weeks were
excluded in this particular study, we acknowledge that the
inclusion of these cases in future study should help to un-
derstand if pregnancies with chromosomal abnormality are
associated with specific structural features in the early
stage of pregnancy.

In formation of chromosomal abnormalities during
meiosis of gametes formation, inaccurate chromosome
recombination and segregation will result in aneuploidy,
containing either extra or insufficient copies of one or more
chromosomes. Subsequent fertilization with such gametes
can develop the offspring with incorrect copy number of
chromosomes. It is reported that over 90% of autosomal
aneuploidy originates from the oocyte.22 However, mosai-
cism of chromosomal abnormalities occurs in mitotic divi-
sion of post-fertilization stage,23 which was not common in
EPL, but recently raises concerns in embryo selection for
embryo transfer in assisted reproductive medicine.

The traditional histoembryology system to describe the
development of human embryo is the Carnegie stages,
which classified the development from stage 1 (zygote) to



Table 2 Characteristics of the 13 studies included.

Studies Consecutive Design Pro-/retro-spective Outcome Selection
bias

Information
bias

Attrition
bias

Verification
bias

Li
2016

Yes Cohort Retrospective EPL Yes No No NA

Liu
2015

Yes Cohort Retrospective EPL Yes NA No NA

Romero 2015 Yes Cohort Prospective EPL Yes No No NA
Cheng 2014 Yes Cohort Retrospective EPL Yes Yes No NA
Angiolucci
2011

Yes Cohort Prospective EPL Yes No NA NA

Ljunger 2010 Yes Cohort Prospective EPL Yes NA No NA
Munoz
2010

Yes Cohort Prospective EPL NA NA NA NA

Lathi
2007

Yes Cohort Retrospective EPL Yes No No NA

Ginsberg 2001 Yes Cohort NA EPL Yes Yes NA NA
Brajenovic 1998 Yes Cohort NA EPL NA No NA NA
Coulam
1997

Yes Cohort NA EPL NA No NA NA

Goldstein
1996
Dickey
1994

Yes Cohort Retrospective EPL Yes NA No NA
Yes Cohort Prospectively EPL Yes No No NA

Figure 2 Quality assessment of 13 included studies using the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) checklists for Observational Studies
(2007 version).
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23 (56e60 days embryo) based on morphologic charac-
teristics. The collection of all the 23 stages has been
available since 1900s at University of New South Wales
Embryology (http://embryology.med.unsw.edu.au). It is
the reference of human embryo morphology in relation
to both size and age. At around 5 weeks of gestation,
equal to human embryo Carnegie stage 7, about one
week later, the secondary yolk sac and the primary germ
layers formed, equal to Carnegie stage 10. However, the
evaluation by Carnegie staging system is not commonly
used in early pregnancy, and according to the indirect
evidence from ultrasound monitoring of intrauterine
embryonic size, the embryonic size variation in very
early stage of pregnancy is not negligible; whilst after
46 days of embryo development, the fetal sizes in
different studies becomes consistent.24,25 The early em-
bryonic size variation reduced in pregnancies from assis-
ted reproduction with subsequent normal live birth.26,27

While in general early pregnancy group with unknown
outcome, the variation remained obvious.28 It could be
suggestive of the morphological difference between
miscarriage and live birth in early stage of pregnancy.
Therefore, establishment and standardization of precisely
timed morphological assessment of embryo structural
development is essential, especially for the non-invasive
monitoring of early embryo development. The precisely
timed morphology change could be more accurately
documented in IVF pregnancy.15,29,30

The categorical discrepancy between features of an
‘empty sac’ versus an ‘anembryonic’ pregnancy increased
the heterogeneity of the studies related with YS presented
or not. Among the 13 included studies, two analyzed YS
only as an independent feature7,10; two combined YS only
and empty sacs in analysis of anembryonic EPL6,13; Other
studies did not clearly define the categorization of the ul-
trasound findings of with or without the presence of em-
bryo. This less stringent in categorization of ultrasound
parameters is likely to lead to information bias, as well as
insufficient data for further stratification for the analysis of
the association of detailed morphological features with
specific chromosomal abnormalities.

An enlarged YS has been shown to be associated with an
increased risk of EPL,31 but only one eligible study,10

investigated the association between this ultrasound
feature and chromosomal abnormalities. According to this
single study, the majority of the EPL with enlarged YS are
at high risk of chromosomal abnormalities of which trisomy
22 were especially high. During the submission of this
study, a newly published cohort study including 151 pa-
tients with pregnancy <12 weeks’ gestation echoed our
finding that an enlarged yolk sac suggested an abnormal
fetal karyotype, whereas an pre-embryonic feature was
with less association.32

http://embryology.med.unsw.edu.au/


Figure 3 Forest plots of chromosomal abnormality rate of specific abnormal ultrasound features compared with normal ultra-
sound findings (without the specified ultrasound features) in early pregnancy loss. Only first author of each study is given. CRL,
crown rump length; M-H, Mantel-Haenszel; US, ultrasound; YS, yolk sac.
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EPL with symmetrical arrested growth of both the CRL
and the gestational sac showed a trend towards an
increased risk of chromosomal abnormalities which was
however not statistically significant, and no association
with specific abnormality was identified.
There appears to be limited correlation between sono-
graphic features and specific chromosomal abnormalities,
but certain types of chromosomal abnormalities are more
likely to be identified in some ultrasonography features in
EPL. First, monosomy is less common than trisomy in EPL. It



Table 3 Prevalence of different type of chromosomal
abnormalities in pre-embryonic or embryonic EPL.

Abnormality Pre-embryonic
n Z 456 (%)

Embryonic
n Z 1031 (%)

Autosomal trisomy 344 (75.4) 780 (75.7)
Trisomy 2 27 (5.9) 9 (0.9)
Trisomy 3 10 (2.2) 11 (1.1)
Trisomy 4 9 (2.0) 22 (2.1)
Trisomy 5 1 (0.2) 7 (0.7)
Trisomy 6 6 (1.3) 14 (1.4)
Trisomy 7 11 (2.4) 20 (1.9)
Trisomy 8 5 (1.1) 23 (2.2)
Trisomy 9 3 (0.7) 32 (3.1)
Trisomy 10 3 (0.7) 12 (1.2)
Trisomy 11 7 (1.5) 11 (1.1)
Trisomy 12 4 (0.9) 14 (1.4)
Trisomy 13 19 (4.2) 54 (5.2)
Trisomy 14 3 (0.7) 31 (3.0)
Trisomy 15 12 (2.6) 75 (7.3)
Trisomy 16 114 (25.1) 142 (13.8)
Trisomy 17 7 (1.5) 15 (1.5)
Trisomy 18 15 (3.3) 30 (2.9)
Trisomy 19 2 (0.4) 1 (0.1)
Trisomy 20 20 (4.4) 20 (1.9)
Trisomy 21 15 (3.3) 98 (9.5)
Trisomy 22 51 (11.2) 139 (13.5)

Monosomy 56 (12.3) 126 (12.2)
45,X 50 (11.0) 124 (12.0)
Monosomy 21 5 (1.1) 2 (0.2)
Monosomy 18 1 (0.2) 0 (0)

Triploidy 6 (1.3) 36 (3.5)
Tetraploidy 9 (2.0) 5 (0.5)
Other 37 (8.1) 61 (5.9)
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is known that deletion of certain region of the genome
usually causes more severe outcomes that duplication.33

Therefore, monosomy is often more detrimental than tri-
somy, which could cause the embryo demise at the first few
days after fertilization.34 Second, chromosome 1 aneu-
ploidies were rarely identified in EPL. But in day 5 embryos
the occurrence of chromosome 1 aneuploidies was compa-
rable to that of other chromosomes.34 Furthermore, only a
few cases of mosaic trisomy 1q live birth with significant
defects and a very short life span have been reported.35

Third, no live birth has been reported with trisomy 16 or
22, but live births of mosaic trisomy 1536, 1637, 2238 have
been reported. In light of these findings, it might suggest
that during the long and consecutive development of
human embryos, chromosomes would demonstrate stage
specific roles and some of the chromosomes, like chromo-
some 1, 16, and 22 are critical during the early stage of the
embryo development.

A limitation of the study is that heterogeneity amongst
the included studies in this analysis is generally high,
especially in relation to ultrasound features datasets of
without embryo, short CRL, small GS, and symmetrical
arrested growth; while in YS only dataset the heterogeneity
is ignorable. It indicates that the major origin of the het-
erogeneity came from the documentation of ultrasound
morphology. During the acquisition of morphological fea-
tures, both the approach of measurement (TVS or TAS), the
inter-observer inconsistency and different reference
normal ranges could contribute to the discrepancy.28 Thus,
we use the random effects model for forest plot analysis.
Furthermore, the presence of YS is rarely affected by
subjective assessment, so the dataset heterogeneity is
quite low. Therefore, for better investigation of association
between the ultrasound morphology and specific chromo-
somal abnormalities, it would be necessary to identify more
objectively acquired sonographic markers for assess-
ment. For example, Virtual organ computer-aided analysis
(VOCAL) was proposed as a more precise approach with less
inter-observer variation to measure GS.39 Studies have
attempted to explore a range of ultrasonography features
for predicting pregnancy outcomes and the association with
chromosomal abnormalities. For example, Dickey’s et al
found that EPL with larger gestational sac diameter-CRL
difference30 and shorter CRL29 were more likely to have
chromosomal abnormalities. However, there seems no
consensus so far on the early ultrasonography features and
chromosomal abnormalities. With the introduction of high
resolution transvaginal ultrasonography, it is possible that
structural anomalies in variable pregnancy up to 10 weeks
of gestation (but miscarried later on or diagnosed as having
chromosomal abnormality) may be detected, although at
present there is very little literature information available
regarding this area.

Though ultrasonography features at the time of diag-
nosis of EPL have limited predictive value of fetal chro-
mosomal abnormality, this study investigated ultrasound
soft markers as a screening tool to predict the possibility of
chromosomal abnormalities in early pregnancy loss, which
is before the common non-invasive prenatal testing (NIPT)
approaches looking at gestation of usually 11 weeks of
gestation in clinical practice. In future, certain combina-
tion of ultrasonography features may increase the predic-
tive value for fetal chromosomal abnormality. The
ultrasonography features should be more objective and
systematically documented, and in the repeat features may
be of great interest in EPL.
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