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Abstract

Objective: various prenatal diagnosis examinations greatly contribute to predicting
chromosome abnormalities, cordocentesis is one of the important methods for prenatal
diagnosis in China. Materials and methods: Pregnant women underwent serum screening and
sonographic screening, who were conducted on umbilical cord blood because of high-risk
pregnancy abnormalities, the umbilical cord blood was brought up to culture medium,
lymphocytes were collected for karyotype analysis. Results: we found that a total of 112 (4.8%)
cases were diagnosed with chromosomal abnormalities, including 72 cases (64.3%) of trisomy
syndrome, 15 cases (13.4%) of sex chromosome aneuploidy, 12 cases (10.7%) of translocation,
7 cases (6.3%) of mosaic and 6 other types (5.4%). In the serum screening abnormalities,
compared to the abnormalities of multi-markers and single markers, the multi-markers
showed statistically significant difference in chromosome abnor malities. In the abnormal
group of ultrasound screening, the structural anomalies showed statistically significant
difference in chromosome abnormalities compared to anomalies of sonographic marker
(14.8%vs.3.5%0). Patients without abnormalities were found in groups with rare characteristics.
the high-risk compound and abnormalities of single and multiple serum markers were
important in predicting chromosomal disorders. Compared with sonographic markers, fetal
structural abnormalities were more effective in predicting chromosomal abnormalities.
Conclusion: cordocentesis is crucial significance for the diagnosis of fetal chromosome
abnormalities, especially for those gravidas with advanced maternal age who have not received
regular prenatal examinations.
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1. Introduction

Since cordocentesis was first introduced in 1983, it has been performed as a reliable prenatal
diagnostic method. Within 2 weeks after cordocentesis, the rate of cordocentesis-related fetal loss
was 1.0%[Y. but the rates of 16 and 24 weeks’ gestation with obvious fetal anomaly were 3.2% and
1.8%!2, respectively. fetal loss had a significantly higher rate in placenta penetration, low birth
weight and preterm birth and so onll. With these disadvantages, when chorionic villus sampling or
amniotic fluid culture are impossible, a quick karyotyping is requested, and cordocentesis is still a
useful method for early diagnosis.
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Prenatal screening and genetic diagnosis are important in obstetrics. Noninvasive procedures,
maternal serum analysis and ultrasound screening for chromosomal disorders are now routinely
offered for women during pregnancy®l. Invasive procedures, chorionic villus sampling,
amniocentesis and cordocentesis are used as prenatal diagnosis methods. For screening 21-trisomy,
18-trisomy and other chromosome abnormalities, in the first trimestert®. pregnancy-associated
plasma protein-A (PAPP-A), free B-human chorionic gonadotropin (B-hCG) and nuchal translucency
(NT) are recommended to be detected; in the second trimester, maternal serum screening markers,
alpha-fetoprotein (AFP), B-human chorionic gonadotropin (B-hCG), unconjugated estriol (UE3),
inhibin A and ultrasound screening are recommended. In Turkey, triple test screening is routinely
offered to all gravidast®. Ultrasound screening plays an important role in detecting congenital
anomalies in the second trimester, and it is a routine method of antenatal care in the industrialized
world!™ 1%, Ultrasound screening is the most sensitive test for diagnosis of trisomy 18[*% 12, however,
most screening results with abnormality were needed to further diagnosis with invasive procedure of
fetal karyotyping™l.

Here, a retrospective study of 2342 cordocentesis cases was conducted to investigate the predictors of
prenatal chromosome abnormalities over a 13-year period. we summarized the result of conventional
screening indicators and focused on the cytogenetic results of cordocentesis. Although studies had
reported various indications for cytogenetic analysis, which are rare reported in China, especially in
cordocentesis. Thus, this article is mainly focused on cordocentesis in China.

2. Materials and methods

2.1 Subjects

This retrospective study was conducted on umbilical cord blood of 2354 cases who had high-risk
pregnancy abnormalities, 12 cases were not obtained for severe thalassemia or fetal death. This study
was undertaken with the approval of the Ethics Committee of Shenzhen people's hospital Human
Subjects Review Committee, Guangdong, China. Written informed consent was obtained from all
participated. before surgery, the complications and risks of cordocentesis were explained in detail to
the patients, who signed the informed consent for cordocentesis. Maternal ages were from 19 to 46
years old with a x3s of 29.344.7 years.

2.2 Cordocentesis Procedures

Using a real-time ultrasonographic scanner to locate the placenta and choose a puncture site that was
easily visualized, cordocentesis was performed using the freehand technique and transabdominal
insertion as previously described™. Briefly, the placenta and insertion site were located by
ultrasonographic scanner, and then a regular 22-gauge spinal needle was used, 0.5-2 mL umbilical
cord blood was used for karyotyping, while hemoglobin electrophoresis was performed to determine
whether the blood was from the fetus.

2.3 Cell Culture
The umbilical cord blood was brought up to culture medium, 37<C, 5% CO..

2.4 G-banding Karyotype Analysis

After 72h, colcemid was added, and lymphocytes were collected for karyotype analysis after 3h. G
banding was performed by the International System for Human Cytogenetic Nomenclature
2013( ISCN 2013) standard.

2.5 Serum Screening

First and second maternal serum screening markers for chromosome abnormalities include PAPP-A,
alpha-fetoprotein (AFP), B-human chorionic gonado tropin (B-hCG) and unconjugated estriol (UE3).
Concentrations of the above analytes were expressed as multiples of the median (MoM) for
unaffected pregnancies. Compound high risk for common trisomy syndromes was defined as
T21>1/270 and T18>1/350. Individual abnormal markers with compound low risk refer to maternal
serum concentrations at or below specified cut-offs: f-hCG<0, MoM or PAPP-A<0.43, MoM or
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AFP<0.6, MoM or uE3<0.73, MoM or AFP+Age> 1/270; multiple abnormal serum markers were
defined as two or more individual abnormal markers with compound low risk.

2.6 Sonographic Screening

Sonographic screening was considered abnormal when at least one anomaly was found. According to
reports by Estroff et al*™>land Filkins et all*®!, major or structural anomalies include cardiac defects,
duodenal atresia, ventriculomegaly, spina bifida, etc.; sonographic markers include absent nasal bone,
nuchal thickening, echogenic bowel, echogenic intracardiac focus (EIF), choroid plexus cysts, rocker
bottom feet, polyhydramnios, IUGR, Cintrauterine growth retardation infant, IUGR) shortened
proximal long bones (humerus and femur), pyelectasis, single umbilical artery, pericardial effusion,
and R/L Cright/lift ) heart disproportion. Other characteristics were defined as rare abnormalities,
including various system tumors or other undetermined sonographic abnormalities.

2.7 Statistical Analysis

All the distributions of maternal age, gestational age and obstetric history were skewed, so a
Wilcoxon rank sum test of two independent samples was used for statistical analysis between the
abnormal and normal group. Chi-square test was used for statistical analysis of differences in fetal sex
and detection rate of different groups of each cordocentesis. A two-tailed P value of less than 0.05
was considered statistically significant. All of the statistical analyses were performed using SPSS
version 17.0.

3. Results

a total of 2354 gravidas underwent cordocentesis. Ultimately, 2342 cases were involved in the study
because others failed severe thalassemia or fetal death. The successful rate of cord blood culture was
99.5%. According to cytogenetic evaluation, a total of 112 patients were diagnosed with
chromosomal abnormalities, including 72 cases (64.3%) of trisomy syndrome (40 21-trisomy,
18-trisomy, 11 13-trisomy), 15 cases (13.4%) of sex chromosome aneuploidy (5 Turner syndrome, 5
cases 47, XYY syndrome, 3 trisomy X, 2 Klinefelter syndrome), 12 cases (10.7%) of translocation (6
Robertsonian translocation, 6 other autosome translocation), 7 cases (6.3%) of chromosome mosaic
and 6 other types (5.4%) that included abnormalities of marker chromosome quantity and structure
(table 1). In the abnormal group, the mean maternal age was 31.345.6 years, significantly older than
the normal karyotype group(29.234.6 years). There were no statistically significant differences in
terms of punctual gestational age, obstetric history or fetal sex between abnormal and normal
karyotypes (table 2). Chromosomal variants are considered to be normal, such as enlarged
heterochromatin and satellites. According to ISCN (2009) standards for karyotype analysis, 46,
XY (XX), inv(9)(p12g13) and inv(Y)(pll.2911.2)were also not considered chromosome
abnormalities.

In the present study, many patients had two or more indications for cordocentesis, which were

analyzed separately for statistical analysis. Here, we focus on usual indications in Southern China,

including advanced maternal age, abnormal serum screening, ultrasound findings, history of

intrauterine fetal death or abortion, fetal risk for thalassemia and positive result of TORCH test.
Table 1 Abnormal karyotype, numbers and proportion

Abnormal karyotype numbers Proprotion (%)
Trisomy 72 64.3
Sex chromosomal aneuploidy 15 13.4
Translocation 12 10.7
Mosaic karyotype 7 6.3
Others 6 5.4
Total 112 100
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Table 2 Comparison between fetus with abnormal and normal karyotypes

Abnormal group Normal group
(n=112) (n=2230) P value
Maternal age 31.345.6 29.244.6 <0.001
Punctual gestational 244435 244433 0.977

weeks

Gravidity (n) 2.3+.4 2.3+.3 0.925
Parity (n) 0.440.6 0.440.6 0.921
Fetal sex ratio (M:F) 59/53 (1.1) 1204/1026 (1.2) 0.786

Fetal sex: Pearson Chi-square 4°=0.074, df=1; M:F means male: female.

Underwent cordocentesis, 31 abnormal fetus were found in 364 cases with advanced ages (>35 years).
81 abnormal fetus were found under 35 years old. Chi-square test showed that the difference was
statistically significant in the abnormal karyotypes between the two groups (table 3).

Table 3 Comparison of abnormal karyotypes between gravidas <35 years and those >35 years

Group abnormal karyotypes (n) Percentage Total (n)
<35 years 81 4.1% 1978
>35 years 31 8.5% 364

Total 112 4.8% 2342

Serum screening and abnormal karyotypes are presented in table 4. In abnormal serum screening
results, 81 fetus had abnormal chromosomes (6.1%), and 31 fetus of abnormal chromosomes were
found in normal serum screening results (3.0%). Chi-square test showed statistically significant
difference in detection rate of chromosome abnormalities between the two groups. and then we
clarified the relationship between serum results and chromosome abnormalities, divided the
abnormal serum screenings into 3 sub-groups: compound high-risk group, single abnormal marker
with compound low-risk group, and multiple abnormal markers with compound low-risk group.
Percentage of chromosome abnormalities was 5.0%, 5.6%, and 15.7%( Table 4), respectively.
Compared to the compound high-risk group and single abnormal marker group, the group with
multiple abnormal serum markers was statistically significant difference. There was no significant
difference between the compound high-risk group and single abnormal marker group.

Table 4 Serum screening results

chromosome

Groups abnormalities (n)

Total (n) Percentage (%)

Group with abnormal serum screening

results
Compound high-risk group 30 596 5.0
Single abnormal marrli<sei£ with low compound 35 623 56
Multiple abnormal markers with low 16 102 15, 7%
compound risk
Total 81 1321 6.1*
Group with normal serum screening results 31 1021 3.0

*: P=0.000 vs. group with normal serum screening results (°=12.118); ™: P=0.000 vs. compound
high-risk group (x?=16.055), P=0.000 vs. single abnormal marker with low compound risk
(£*=13.587).
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In the groups with abnormal and normal ultrasound screening results, 55 and 57 fetus were identified
chromosome abnormalities, respectively (table 5). Sonographic screening plays crucial rule in the
trimester of prenatal screening, we categorized the group of abnormal ultrasound screenings into 3
sub-groups, including structural anomalies, sonographic anomalies and others.

In the structural anomalies and sonographic anomalies, 14.8% and 3.5% chromosome abnormalities
were discovered, respectively. Chi-square test showed statistically significant difference in the rate of
abnormal karyotypes.

Table 5 Ultrasound screenings

chromosome 0
Groups abnormalities (n) Total (n) Percentage (%)
Abnormal ultrasound screenings
Structural anomalies 48 324 14.8**
Sonographic anomalies 7 198 3.5
Others 0 7 0
Total 55 529 10.4*
Normal ultrasound screening results 57 1813 3.1
Total 112 2342 4.8

*: P=0.000 vs. the normal ultrasound (32=47.310); ™: P=0.000 vs. the sonographic anomalies

History of intrauterine fetal death or abortion was also an indication for cordocentesis. 115 cases had
history of fetal death or abortion in this study. Three abnormal karyotypes were found among them,
including 47, XYY, trisomy 21 and trisomy 13, which cases had other indications concurrently.
whereas other 2227 gravidas without this indication, 109 abnormal karyotypes were identified.

Other indications included radiation, genetic disease, balanced translocation of chromosome,
intermarriage, albinism or deafness gene detection, anxiety and so on in the trimester, 4 abnormal
karyotypes (3.2%) were found in 125 cases with other indications, including 46, XX[40]/45, X0[10],
trisomy X, 45,XX, rob(13;15) (q10; g10)mat and 47, XX, +der(22?). In 2217 cases without history of
intrauterine fetal death or abortion, 108 abnormal karyotypes (4.9%) were identified. There was no
significant difference in percentage of abnormal chromosomes between the two groups.

Fetus with thalassemia and positive TORCH results were also common indicators for cordocentesis
in southern China. 414 fetus with high risk of thalassemia, diagnosed 263 a-thalassemia, 93
B-thalassemia, and 4 abnormal hemoglobinopathy. The remaining were normal. 10 chromosome
abnormalities with thalassemia were identified, including 46, XY, del (7) (934:) and others, (46, XY,
del (7) (g34:)) was discovered by high risk for thalassemia. In the 411 cases with high risk
thalassemia, 40.1% pregnant women had abnormal serum results at the same time. which 165 cases
with positive  TORCH results underwent cordocentesis, 3 fetus were found chromosome
abnormalities, 1 case of trisomy 21 was discovered by positive TORCH results only, and others had
other indications at the same time.

Table 6 shows the distribution of various chromosomal abnormalities, 112 chromosome
abnormalities were discovered by cordocentesis in our center. Among them, 72 fetus with trisomy
syndrome were detected, including 40 21-trisomy, 21 18-trisomy and 11 13-trisomy. only 85.0%
21-trisomy, 85.7% 18-trisomy and 72.7% 13-trisomy could be detected by serum screening. Among
the 34 21-trisomy cases with abnormal serum screening results, 22 showed high-risk compound for
aneuploidy, 9 cases had single abnormal marker, and 3 had multiple abnormal markers. 10 cases of
18-trisomy had single abnormal serum marker in abnormal serum screening results, 8 remaining
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cases had multiple abnormal markers. Using ultrasound screening, 25.0% 21-trisomy, 85.7%
18-trisomy and 90.9% 13-trisomy could be detected only. In addition, sonographic screening is
superior to other indications in fetus with abnormal chromosomes (Table 6). 40.0% 21-trisomy,
14.3% 18-trisomy and 9.1% 13-trisomy could be detected only by advanced maternal age.
Combining serum markers with ultrasound screening, 92.5% 21-trisomy, 95.2% 18-trisomy, 100%
13-trisomy and 89.3% other chromosome abnormalities were identified. Adding maternal age, 97.5%
21-trisomy, 100% 18-trisomy, 100% 13-trisomy and 95.5% other chromosome abnormalities could
be detected prenatally.
Table 6 Distributions of main indications for various chromosome abnormalities
T21 T18 T13  SCA Translocation Mosaic  Others Total

Karyotypes 40 21 11 15 12 7 6 112
Percentage = 100% 100% 100% 100% 100% 100% 100% 100%
Advanced 16 3 1 2 4 3 2 31
maternal age 40.0% 14.3% 9.1% 13.3% 33.3% 42.9% 33.3% 27.7%
Abnormal 34 18 8 7 7 4 3 81
serum 85.0% 85.7% 72.7% 46.7% 58.3% 57.1% 50.0% 72.3%
Abnormal 10 18 10 6 4 2 5 55
ultrasound  25.0% 85.7% 90.9% 40.0% 33.3% 28.6% 83.3% 49.1%
High risk for 3 2 1 2 1 - 1 10
thalassemia  7.5% 95% 9.1% 13.3% 8.3% 0.0% 16.7% 8.9%
TORCH(+) 1 — 1 1 — - — 3
APH 1 1 1 — — — 3
_ Other _ _ 1 1 1 1 4
indications

SCA: sex chromosomal aneuploid; APH: adverse pregnancy history
4. Discussion

Cordocentesis, chorionic villous sampling (CVS) and amniocentesis (AMC) of invasive procedures
play crucial roles in detecting prenatal chromosome abnormalities. Different centers reported
miscarriage rates from 0.2% to 3.6%!%" 8l In the last decades, great efforts have been made to
investigate new methods for noninvasive or rapid analysis of fetal chromosome abnormalities, such
as noninvasive maternal serum prenatal genetic testing for fetal chromosome aneuploidies,
fluorescence in situ hybridization (FISH), array comparative genomic hybridization (CGH) and
multiplex quantitative fluorescent polymerase chain reaction (QF-PCR) analysis. Until now, these
technologies have been wildly used in China. Cordocentesis is usually advised at 18—23 weeks*?l.
and it can also be performed in the third trimester of pregnancy. For early diagnosis, if CVS or
amniotic fluid culture is impossible, and cordocentesis would be a useful choice. Cordocentesis is
also used to detect monogenic disease, hemoglobinopathies, immune deficiency syndromes and
intrauterine infections. Cordocentesis is critically important for pregnant women of advanced
maternal age in China, especially for those who could not receive the regular prenatal examinations in
early pregnancy.

In the present study, with cordocentesis, 112 (4.8%) cases of fetal chromosome abnormalities were
discovered, consistent with 1% to 5% reported by Driscoll et al I, advanced age was the earliest
indication for invasive procedurest? 21 and frequencies of chromosome abnormalities were 1.4% in
women aged 35-39 years and 3.5% in women aged 40 and above by another large study!??. We have
known that meiosis is very critical for advanced maternal agel?® 241, Non-disjunction of chromosomes
in maternal meiosis | is the origin of trisomy of the acrocentric chromosomes[® 281, while maternal
meiosis 1 errors are the most common cause of 18-trisomy[?”, Extra chromosome 21 is the result of
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non-disjunction during meiosis associated with advanced maternal age in either the egg or the sperm
(standard trisomy 21) in approximate 95% of individualst®® 2°1, Here, we reported that cases of
21-trisomy, more than the cases of 18-trisomy and 13-trisomy, were discovered by advanced
maternal age. This finding indicated that non-disjunction of metaphase chromosomes induced by
advanced maternal age exerted a greater effect on chromosome 21 than chromosomes 13 and 18.

Our results showed that serum screening is superior to ultrasound screening in detecting 21-trisomy,
however, ultrasound screening is superior to serum screening in detecting 13-trisomy. there is similar
detection rate in 18-trisomy. 18-trisomy is associated with multiple severe structural abnormalities.
ultrasound screening played a crucial rule in predicting chromosome abnormalities. Yang et al*? and
Ralston SJ* reported that 77%—100% trisomy 18 fetus and 20% DS fetus had major or structural
anomalies that can be detected by ultrasound in second-trimester. All of the trisomy 18 fetus were
discovered by abnormal single serum marker or multiple serum markers with low-risk compound.
Therefore, abnormal single serum marker and multiple markers play important roles in predicting
21-trisomy and 18-trisomy. if an abnormal single serum marker or multiple markers were excluded,
the positive screening rate of 21-trisomy and 18-trisomy were decreased, We also found that in the 21
cases of 18-trisomy fetus, 18 cases showed abnormal serum and ultrasound at the same time. Our
results and reported studies both indicate that abnormal individual marker and multiple markers
should be seriously regarded!?®l. Any patient who had an abnormal serum marker, especially when
combined with an abnormal ultrasound result, should be informed of fetal risk.

In California’s triple-marker screening program, the detection rate for DS was 77.4%%, with a 5% to
9% false-positive rate. In the second trimester, the triple test for DS detection rate was 69% to 85%["
%2 In our study, the prenatal detection rate for DS was 85.0%, which is consistent with previous
reports. More than 90% of chromosome disorders could be detected prenatally when ultrasound and
biochemical markers were combined®3. The detection rate for 21-trisomy reached 90% when
maternal serum biochemistry test was used in conjunction with ultrasound scanning and maternal
agel'. In our study, 89.3% abnormal fetus were detected by using ultrasound and biochemical
markers; 97.5% DS fetus were detected by combining maternal serum, ultrasound and maternal age.
our screening rates were consistent with the reported ones.

Thalassemia has a high prevalence in south China; the risk of severe thalassemia was a main
indication for cordocentesist®!l. In the present study, 17.5% patients (411/2342) showed a high risk
for thalassemia. 40.1% (165/411) had abnormal serum screening, which indicated that thalassemia
might influence the serum level of screening markers. Free f-hCG was significantly higher in women
with fetal homozygous o-thalassemia-1 disease!®!. AFP and free B-hCG were significantly higher,
whereas UE3 was lower in women with fetal Hb Bart’s diseasel*®l. therefore, many pregnant women
could not receive prenatal diagnosis during the early months of pregnancy,

In conclusion, when noninvasive prenatal examination is not used to be prenatal diagnosis,
cordocentesis is a useful method for the detection of prenatal chromosome abnormalities.
Cordocentesis is critically important for pregnant women with advanced maternal age, especially for
those who could not receive regular prenatal examinations in China. In addition, cordocentesis rarely
caused serious complications, such as placental abruption, and caused less bleeding, which had high
accuracy and practicability in detecting chromosomal abnormalities in China.

Compared with sonographic markers, fetal structural abnormalities are more effective in predicting
chromosomal abnormalities. In China, when serum screening is applied, a high-risk compound and
an abnormal individual serum marker or multiple markers were of great value in predicting
chromosomal disorders. Serum screening is an effective screening tool for detecting fetal 18-trisomy,
13-trisomy and 21-trisomy.
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