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Objective: Prenatal cytogenetic diagnostic methods for the
diagnosis of fetal chromosomal anomalies have been used reli-
ably over the last 40 years. Advanced maternal age has become
a basic indication for amniocentesis. Methods: We examined the
results of the chromosome analyses of 3485 women that had
amniocentesis for any reason during their antenatal care in our
perinatology clinic in 2007-2009. Amniocentesis was performed
for advanced maternal age in 1456 women (41.8%) and for other
reasons in the remaining 2029 women (58.2%). Chromosomal
anomalies were examined numerically and structurally. Results:
When the amniocentesis results of the patients were reviewed as
numerically normal or abnormal; 40 (2.7%) of 1456 amniocen-
tesis procedures performed for advanced maternal age, 5 (0.9%)
of 531 procedures performed for an increased double-test risk
and 14 (1.3%) of 1095 procedures performed for an increased
triple test risk were found to have chromosomal aneuploidy.
Conclusions: Maternal age is still the most prevalent indication
for genetic amniocentesis other than positive prenatal screening
tests. Among women with advanced maternal age, prenatal
ultrasonography for soft markers of chromosomal aneuploidy
accompanied with maternal serum biochemical screening tests
should be evaluated during the decision making process of
genetic amniocentesis.

Keywords: Amniocentesis, maternal age, prenatal diagnosis,
screening, aneuploidy

Introduction

Prenatal cytogenetic diagnostic methods for the diagnosis of fetal
chromosomal anomalies have been used reliably over the last
40 years. Second trimester amniocentesis (AC) is the most used
prenatal invasive diagnostic procedure. It-was first developed
as a diagnostic method in the late 1960s for the culture of the
amniotic fluid sample. Clinical indications were changed over
the years due to fetal loss rate associated with amniocentesis [1].
Because the relationship between advanced maternal age and fetal
aneuploidy is well known, advanced maternal age has become
one of the basic indications for amniocentesis [2]. Therefore, it
is important to predict the risks of age-related fetal chromosomal
anomalies. Today, advanced maternal age is not used as the only
indication for amniocentesis, but it is increasing in importance as
a component of prenatal screening test to detect fetal aneuploidies

[3]. Specific maternal biochemical serum markers were first used
in 1980s for the detection of chromosomal anomalies. Second
trimester maternal serum screening is the most performed test
for the screening of Trisomy 21 and detects almost 75-80% of
cases [4]. Recently, first trimester nuchal translucency (NT)
and maternal age have been evaluated together, and with a 5%
false positive rate, 75-80% of Trisomy 21 cases and other major
chromosomal anomalies can be detected. The combination of
first trimester -biochemical markers and NT has a detection
rate of 87-92%. Detection rate of fetal chromosomal anomalies
is<increased to 95% with-integrated or sequential tests that are
composed ~of first and ‘second trimester serum biochemical
markers, NT and maternal age..In most developed countries,
second trimester. prenatal ultrasonography, which is routinely
performed as part of antenatal care, enables us to detect fetal
structural anomalies and soft markers of Trisomy 21 [5]. In
recent years, individual risk evaluation for fetal chromosomal
anomalies-has become an important part of prenatal genetic
consultation [6]. As the chromosomal anomaly risk increases
with the advanced maternal age, it is important to determine
age-related chromosomal anomaly risks. In addition to being
an indication for cytogenetic amniocentesis, maternal age is
also-used as an independent risk factor with biochemical serum
markers [7]. In recent years, the number of women who delay
pregnancy until after the age of 35 is increasing for many reasons.
Because biological and environmental differences also influence
fetal chromosomal anomaly risks, the risks from advanced
maternal age in Turkish women are increasing in importance. A
portion of pregnant women with advanced maternal age decide
to undergo amniocentesis according to the results from their
first and second trimester biochemical screening tests [8]. In our
study, we retrospectively examined the results of chromosome
analyses from 3485 women that had amniocentesis for any
indication during their antenatal care in our perinatology clinic
in 2007-2009. We investigated the fetal chromosomal anomaly
detection rates based on specific indications.

Methods

We conducted this study between 2007 and 2009 using records
from 3485 patients who were seen at Zekai Tahir Burak Women’s
Health and Research Hospital Perinatology Clinic for their ante-
natal care between 16-20 weeks gestation. Women who had
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an amniocentesis performed for any indication were included.
All pregnant women over the age of 35 and between 16 and 20
weeks’ gestation were offered amniocentesis. Gestational age was
calculated using the first day of the patient’s last menstrual cycle.
However, the ultrasonographic gestational age was used if the
difference between the gestational ages calculated from the last
menstrual period and first trimester crown-rump length was >3
days. Chromosomal anomalies were examined numerically and
structurally. Numerical anomalies were classified as autosomal
and sex chromosome anomalies, whereas structural anomalies
were classified as translocation, deletion, and inversion and as
balanced and unbalanced. Mosaic cases were described according
to their basic abnormal cell series. The following were the indi-
cations for amniocentesis in our study: advanced maternal age,
increased NT, the presence of fetal anomaly on ultrasonographic
examination, increased Down syndrome risk on double or triple
test, increased Trisomy 18 risk on triple test, a bilateral choroid
plexus risk and a history of a child with Down syndrome or
another anomaly. Statistical analyses were performed using IBM
SPSS 19.0 software (IBM SPSS 19 Inc., Chicago, IL, USA). The
comparison of data was evaluated by using a chi-squared test.
Fisher’s exact test was used to compare categorical variables.
p values <0.05 were considered statistically significant.

Results

The distribution of indication for amniocentesis among 3485
patients included in the study is shown in Table I. Among all
patients, amniocentesis was performed for the indication of
advanced maternal age in 1456 women (41.8%) and for other
reasons in the remaining 2029 women (58.2%). When the results
of all amniocenteses were examined, normal karyotypes were
observed in 3346 patients (96%), abnormal karyotypes were
observed in (3.8%) and mosaicism was observed in six patients
(0.2%) (Table IT) (p < 0.001).

When the results of the amniocenteses performed for advanced
maternal age were compared with the results for all other indica-
tions, 40 (2.7%) of 1456 ACs performed for advanced maternal
age and 36 (1.8%) of 2029 ACs performed for all other reasons
had abnormal karyotypes. The difference between two results was
statistically significant (p = 0.05). When the results of the advanced
maternal age group were compared with the women who had a
calculated risk of 1/250 or higher based on the double and triple
tests; chromosomal anomalies including chromosomal structural
abnormalities were observed in 63 (4.2%) of 1456 ACs performed
for advanced maternal age, 12 (2.3%) of 531 ACs performed
based on an increased double-test risk and 32 (2.9%) of 1095 ACs
performed for an increased triple test risk. The results were not

Table I. Numbers and percentages of various indications for amniocentesis
(N, 3485).

Amniocentesis indication Number (N)  Percent (%)
Advanced maternal age (>35) 1456 41.8
Increased nuchal translucency 83 24
Fetal anomaly on ultrasound 162 4.6
Increased triple test risk for Trisomy 21 1095 314
Increased dual test risk for Trisomy 21 531 15.2
Bilateral choroid plexus cyst 52 1.5
History of Down syndrome sibling 31 0.9
Increased triple test risk for Trisomy 18 51 1.5
History of anomalous sibling 24 0.7
Total 3485 100.0

© 2013 Informa UK, Ltd.
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statistically significant (p = 0.15) (Figure 1). When the AC results
of patients were grouped as numerically normal or abnormal,
40 (2.7%) of 1456 ACs performed for advanced maternal age, 5
(0.9%) of 531 ACs performed for an increased double-test risk
and 14 (1.3%) of 1095 ACs performed for an increased triple test
risk were observed to have abnormal karyotype number. The
results were statistically significant (p = 0.006).

Discussion

In this study, we evaluated the results of 3485 amniocenteses
performed in our hospital between 2007 and 2009 based on their
indications. Prenatal cytogenetic diagnosis from amniotic fluid
samples is a reliable test used for fetal karyotyping. Advanced
maternal age is still the leading indication of amniocentesis
[9-11]. Detection rate of chromosomal anomalies including
chromosomal structural abnormalities for amniocenteses
performed among patients with advanced maternal age was
4.2% in our study. The rate for other indications was 3.7%, and
the difference between these rates was not statistically significant.
On the other hand, when chromosomal aneuploidy detection
rates for ACs performed for advanced maternal age and all other
indications were compared, they were determined to be 2.7% and
1.8%, respectively, demonstrating a statistically significant differ-
ence. When the AC results from advanced maternal age group
was compared with those women with increased risks of double
and/or triple tests, the difference in the incidence of chromo-
somal abnormalities between these groups was not statistically
significant. Chromosomal aneuploidy incidence in the advanced
maternal age group were found to be significantly higher than
women with increased risks of double and/or triple tests.
According to these results, maternal age is the most important
risk factor for chromosome number abnormalities, and in most of
the antenatal clinics, it is still the most prevalent indication for AC
other than positive prenatal screening tests. In our study, the ratio
of ACs for advanced maternal age compared to other indications
was 88%. There was a patient group with advanced maternal age
and with abnormal double or triple test results that were offered
AC but did not accept due to maternal and/or paternal reasons
or because CVS was performed and the number of these cases
could not be determined because of the retrospective design of
this study. Although the use of first trimester screening tests has
increased, the rate of CVS for prenatal diagnosis has not increased
at the same rate. Clinical indications for AC in our study are
similar to those in previous studies. In previous amniocentesis
studies, the incidence of chromosomal anomalies varies between
1.0 % and 6.7% [6]. In our study, it was 4.0%, which is consis-
tent with the current literature [10]. In the previous studies, fetal
anomalies diagnosed by ultrasonography were found to have the
highest positive predictive value for detection of chromosomal
anomalies by performing prenatal amniocentesis [5]. In our
study, fetal anomalies in prenatal ultrasonography were found to
be the AC indication that had the gretatest percentage for detec-
tion of chromosomal anomalies (10.5%) (Table II). In a study
performed by Kagan et al., chromosomal anomalies were found
in 15% of fetuses that had the congenital anomalies diagnosed by
prenatal ultrasonography [7]. In contrast to our study; Kagan et al.
evaluated the AC results of fetuses with fetal malformations with
respect to qf-PCR and karyotyping results. Therefore, they found
higher fetal chromosomal anomaly detection rates of ACs than
those observed in our study. Because AC has a minimal risk of
abortion even in experienced hands, prenatal screening tests with
higher positive predictive values are needed [12]. Chromosomal
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Table II. Caryotype results according to amniocentesis indications.

Amniocentesis indication Normal caryotype (N, %)

Abnormal caryotype (N, %) Mosaicism (N, %) Total (N, %)

Advanced maternal age (>35) 1394
95.7%
Increased nuchal translucency 77
93.9%
Fetal anomaly on ultrasound 144
89.4%
Increased triple test risk for Trisomy 21 1063
97.1%
Increased dual test risk for Trisomy 21 519
97.7%
Bilateral choroid plexus cyst 50
96.2%
History of Down syndrome sibling 30
96.8%
Increased triple test risk for Trisomy 18 w
90.2%
History of anomalous sibling 22
91.7%
Total 3346
96.0%

60 2 1456
4.2% 0.1% 100.0%
5 0 82
6.1% 0% 100.0%
16 1 161
9.9% 0.6% 100.0%
31 1 1095
2.8% 0.1% 100.0%
12 0 531
2.3% 0% 100.0%
1 1 52
1.9% 1.9% 100.0%
1 0 31
3.2% 0% 100.0%
4 1 51
7.8% 2.0% 100.0%
2 0 24
8.3% 0% 100.0%
133 6 3485
3.8% 0.2% 100.0%

*Pearson x2-test p value <0.001.
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1,250 @ Abnormal caryotype
[ Mosaicism
1,000+
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Figure 1. Distribution of caryotype results among amniocentesis procedures
performed for advanced maternal age, increased triple test risk, and increased
dual test risk for aneuploidy.

anomaly detection rates for AC were higher in pregnant women
younger than 35 years compared to women with advanced
maternal age, and most chromosomal anomalies were detected in
women younger than 35 years old [13,14]. In our study, increased
NT and bilateral choroid plexus cysts were indications for AC, and
detection rates were found to be 6.1% and 3.8%, respectively. Fetal
chromosomal anomalies were detected in 9.8% of ACs performed
for increased risk for Trisomy 18 as detected by a triple screening
test. Fetal chromosomal anomalies were detected in 3.2% of ACs
performed for a history of a previous fetus with aneuploidy. Fetal
chromosome anomalies were detected in 8.3% of ACs performed
in patients with a history of fetal anomalies, which is similar to
the chromosomal anomaly detection rate of ACs performed for

increased Trisomy 18 risk based on the triple test results. The first
trimester biochemical screening has become a routine part of
clinical practice, and fewer clinicians suggest diagnostic tests only
based on maternal age [15,16]. It is a difficult to determine which
method for Down syndrome screening is most efficient. With
the addition of ultrasonography to maternal serum biochemical
markers and the use of new ultrasonographic markers, such as
the nasal bone, detection rates will increase [17-22]. The inte-
grated test offers the most effective and safe method of screening
for women who seek prenatal care in the first trimester. The
quadruple test is the best test for women who first seek prenatal
care in the second trimester. Using the integrated test with an
85% detection rate, there would be six amniocentesis-related fetal
losses per 100,000 women screened, compared with 35 using the
combined test or 45 with the quadruple test [23]. Dommergues
et al. evaluated the AC results of the 359 pregnant patients with
advanced maternal age aged 38-47 and they found that all 7 cases
of Down’s syndrome had increased NT measurements and/or
increased chromosomal anomaly risk based on maternal serum
screening results. They recommended proceeding with AC on
a selective rather than routine basis in women over 38, based
upon the results of noninvasive screening tests [24]. When cost-
effectivity of prenatal diagnostic tests for fetal aneuploidy were
considered; the combination of advanced maternal age, maternal
serum screen and genetic sonogram have been found to result
in the fewest procedure-related losses and lowest cost per Down
syndrome case detected [25]. In the future, by increasing utiliza-
tion of detection methods like fetal chromosome identification
from cell free fetal DNA in the maternal plasma, invasive proce-
dures like mid-AC will probably be used uncommonly for this
purpose [26-28]. The noninvasive diagnostic tests based on cell
free fetal DNA extracted from maternal plasma have promising
detection rates so unnecessary invasive tests and associated
fetal losses could be avoided in almost all women who have a
normal fetus.

At the expense of investigating the incidence of chromosomal
anomalies among pregnant women with advanced maternal age

The Journal of Maternal-Fetal and Neonatal Medicine



universally, we evaluated the AC results of women with advanced
maternal age as a sole indication for genetic amniocentesis
without considering the risk lowering or increasing effects of
ultrasonographic soft markers for chromosomal aneuploidy that
constitutes the major limitation of this study. The AC results of
various fetal anomalies on prenatal ultrasonography that indi-
cated an AC procedure to be performed have not been evaluated
individually which is a limitation of this study. Besides, AC results
of the patients with advanced maternal age having an increased
aneuploidy risk based on serum biochemical tests and/or fetal
malformations and/or soft markers of chromosomal anomalies
have not been evaluated in this study that represents another limi-
tation of our study worth to investigate in future studies. Third
limitation of this study is the exclusion of the patients who have
preferred to proceed with a CVS procedure after a first trimester
screening for chromosomal aneuploidy that was intentionally
conducted to compare the results of the “amniocentesis” proce-
dures itself retrospectively.

In conclusion; despite the relatively high incidence of fetal
chromosomal anomalies including chromosomal structural
abnormalities (4.2%) in this study, that was detected from AC
procedures performed for a sole indication of advanced maternal
age resembles to favor genetic AC for women with advanced
maternal age universally; increasing evidence in the literature
reveals that maternal age alone seems to be a weak indicator of
chromosomal anomalies when encountered with NT measure-
ments within normal limits; with low dual, triple, quadruple,
combined or integrated test result risks; and without fetal malfor-
mations and/or soft markers for chromosomal anomalies. The
integrated maternal serum screening test risk measurement that
is recalculated with respect to the likelihood ratios of presence
or absence of prenatal ultrasonographic markers related to chro-
mosomal anomalies should be the most valuable method for a
decision of offering an AC procedure to pregnant women with
advanced maternal age.

Declaration of Interest: The authors report no conflict of interest.
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