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—— Abstract

Since amniocentesis made prenatal diagnosis feasible in 1967, the method has been remarkably instrumental in obstetrical
practice. A recent study conducted between 1980 and 1997 collected 11,000 amniocentesis procedures done at 10 university
hospitals and tertiary centers in Korea. The study indicated that the use of amniocentesis on patients has increased steadily
since 1980; however, the number has increased sharply for patients in the mid 1990's. In the 1980's, amniocentesis had
been used primarily for patients in advanced maternal age groups (at least 35 years or older). In 1995, amniocentesis had
been implemented for the detection of abnormal serum markers (37.6%), and by 1997, amniocentesis was involved in
such diagnosis even more frequently (44.8%). Of the total number of uses, 270 (2.5%) involved the detection of
chromosomal anomaly. In autosomal disorders, 96 Down syndrome, 33 Edward syndrome, and 6 Patau syndrome were
diagnosed. In sex chromosomal anomaly, 10 Turner syndrome, and 10 Klinefelter syndrome were diagnosed. Added to
that, 83" translocations, and 15 mosaicisms were diagnosed. Of the 322 cases with abnormal ultrasonographic findings,
21 (6.5%). resulted in chromosomal anomaly. The use of genetic amniocentesis as a prenatal diagnostic test for Korean
women has risen 10-fold between 1988 and 1998. As stated earlier, amniocentesis had earlier been used primarily for those
in advanced maternal age groups. Today, maternal serum markers and highly sensitive ultrasonic technology can detect

many fetal anomalies which eventually necessitate amniocentesis.
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INTRODUCTION

Schatz introduced amniocentesis for the treatment
of hydramnios in 1882, and it was also used for the
diagnosis and treatment of Rhesus incompatibility.
Fuchs and Riis reported the use of amniocentesis in
sex determination in 1956.° Chromosomal analysis
using a cell culture obtained by amniocentesis was
reported by Steele and Bregs in 1966, and since 1967
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prenatal * diagnosis using amniocentesis has been in
use.”* Amniocentesis is currently the most commonly
used invasive prenatal diagnostic method. It is done
between 15 and 18 gestational weeks. Almost all of
the cell cultures succeed; therefore it can be used for
the diagnosis of chromosomal anomalies as well as
carriers of genetic diseases using DNA and enzyme
analysis. In the early days, amniocentesis was applied
to patients of advanced maternal age and those with
previously adverse obstetric history. Nowadays, the
importance of amniocentesis has been highlighted due
to advances in screening using maternal serum mark-
ers and ultrasonography, increased awareness of ano-
malous children affected by environmental pollution,
and increasing maternal age. Consequently, changes
in the incidence, patient age, and indications of
amniocentesis can be postulated, but no analytical
report has been cited so far. Accordingly, this coll-
aborative study analyzed 11,000 amniocentesis proce-
dures performed at 10 university hospitals as well as
tertiary centers in Korea from 1980 to 1997. The
changes in annual incidence, maternal age distribu-
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tion, indications, cytogenetic results, as well as the
relationship between indications and the incidence of
chromosomal anomalies were analyzed.

MATERIALS AND METHODS

In this study, 11,000 amniocentesis procedures
performed from 1980 to 1997 in Korea were ana-
lyzed. The participating centers included the colleges
of medicine at Yonsei, Koryo, Kyunghee, Hanyang,
Ajou, Pusan, Keimyung, Pochun CHA and Sung-
kyunkwan Universities as well as Pusan Ilsin Christian
hospital. '

After complete voiding, ultrasonographic examina-
tion was done for the confirmation of gestational
week, placental location, and amniotic fluid volume
of the patient. Under ultrasonographic guidance, the
insertion angle and direction of the needle was
determined at the best point where fluent amniotic
fluid and limbs of the fetus are observed, avoiding the
placenta and umbilical cord. The abdomen was
draped and local anesthesia with 2% lidocaine was
applied. Using the 22 G spinal needle, 20—30 ml of
amniotic fluid was aseptically obtained and imme-
diately sent to the lab. After centrifugation of the
obtained amniotic fluid at 1,200 rpm for 10 minutes,
the pellet and about 2 ml of amniotic fluid was added
to 5 ml of culture media (Chang's media) in a tissue
flask, and cultured in a 37C, 5% CO; culture system
for 4—5 days until cell growth was observed. The
media was changed to a fresh one every 3 days under
the guidance of an inverted microscope for 2—3
weeks. When enough cell colonies were obtained,
subculture was done: in the presence of mitosis, 10
ng/m] Colcemid 0.5 ml was added and put in the 5%
CO; culture system for 2—5 hours. The cells were
“separated from the surface of the flask using Trypsin-
EDTA solution. Hypotonic treatment was performed
to swell the cells, using 0.075 M KCl. Fixation
procedure was repeated three times. Slides were pre-
pared with a small amount of pellet and fixation
solution. After air-drying the slides and G-banding,
20—50 cells were selected. Photos were taken at the
metaphase and chromosomal analysis was performed.
Advanced maternal age, previous birth to chromo-
somal or congenital anomalies, family history of chro-
mosomal or congenital anomalies, history of neonatal
birth or intrauterine fetal death without a known

etiology, abnormal maternal serum markers, abnor-
mal ultrasonographic findings indicating chromosomal
anomalies, and habitual abortion without a known
etiology were indications of amniocentesis. For statis- -
. . 2

tical analysis, x°-test was used. p<0.05 was- con-
sidered to be significant.

RESULTS
Age distribution -

Fifty-four patients were of maternal age 19 years
and under (0.5%), 495 patients were from 20 to 24

(4.5%), 2,811 patients were 25 to 29 (25.5%), 2,989
patients were 30 to 34 (27.2%), 3,735 patients were

Table 1. Age Distribution

Maternal age No. of patients %
—19 54 0.49
20—24 495 4.50
25—29 : 2811 25.54
30—34 2989 27.19.
35—39 3735 33.96
40— 916 8.32
Total 11,000 100.00

Table 2. Indications for Prenatal Genetic Amniocentesis

Indications No. of cases %
Advanced maternal age (=35) 4651 42.29
Previous chromosomal abnormality 685 623
Previous congenital anomaly 762 6.93
FHx of chromosomal abnormality 109 0.99
FHx of congenital anomaly 157 1.43
Carrier of X-linked recessive disorder 11 0.10
Previous neonatal death or stillbirth 71 - 0.65
Positive maternal serum marker 3720  33.81
Abnormal US findings* 322 2.93
Drug abuse or X-ray irradiation 74 0.67
Others ' 438 3.97
Total 11,000 ~  100.00

* Abnormal ultrasonic findings include choroid plexus cyst,
ompbhalocele, duodenal atresia, nuchal fold thickening, nuchal
translucency, congenital heart disease, etc.
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35—39 (34.0%), and 916 patients were older than 40
(8.3%) (Table 1).

Indications

The most common indications  for amniocentesis
included advanced maternal age (42.3%), abnormal
maternal serum markers (33.8%), previous history of
congenital anomaly (6.9%), previous history of chro-
mosomal anomaly (6.2%), and abnormal ultrasono-
graphic findings suggesting chromosomal anomalies

(2.9%) (Table 2).
Incidence and changes in indications

The incidence of amniocentesis is steadily in-
creasing. Seventy-six cases were performed in 1988,
81 cases in 1989, 112 cases in 1990, 130 cases in
1991, 210 cases in 1992, 487 cases in 1993, 779
cases in 1994, 1,198 cases in 1995, 3,032 cases in
1996, and 3,032 cases in 1997. In the 1980s, 76.7%
of amniocentesis procedures were done due to ad-
vanced maternal age, but since 1994, abnormal
maternal serum markers have been the most common
indication for amniocentesis (Fig. 1 and 2).

Gestational age

In declining order of incidence, amniocentesis was
done at 17 gestational weeks in 30.2% of cases, 18
gestational weeks (20.8%), 19 gestational weeks
(15.9%), 16 gestational weeks (10.3%), 20 gesta-
tional weeks (8.0%), 21 gestational weeks (4.8%),
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Fig. 1. Annual distribution of amniocentesis cases.
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more than 24 gestational weeks (3.7%), 22 gesta-
tional weeks (3.1%), 23 gestational weeks (2.1%),
and less than 15 gestational weeks (1.2%). The reason
for the high incidence in taking amniocentesis after
21 gestational weeks (13.6%) was because of the
increasing detection rate of abnormal ultrasonographic
findings or maternal serum markers (Fig. 3).

Chromosomal analysis

Abnormal chromosomal findings were observed ‘in
270 cases (2.5%). Numerical aberrations were 164

16007 _o— AMA

14004 ™™ Chromosome
—a— Anomaly
12004 — FHx

—¥k— Serum
10004 —e— US

No. of cases
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Fig. 2. Annual distribution of amniocentesis cases by indication.

AMA, advanced maternal age; Chromosome, previous chromosomal
abnormality history; Anomaly, previous congenital anomaly history;
FHyx, family bistory of chromosomal and congenital anomaly; Serum,
maternal serum triple marker screening; US, abnormal wltrasono-
graphic findings.
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Fig. 3. Distribution of gestational age at amniocentesis.
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Table 3. Frequency of Chromosomal Aberration

Karyotype No. Percent (%)
Numerical aberration 164 60.74

Autosomal 141 ©52.22

Trisomy 21 96 35.55

18 33 12.22

13 6 2.22

9 1 0.37

10 1 0.37

Marker 4 1.48

Sex chromosome 22 8.15

45X 10 3.70

47XXX 2 0.75

47XXY 10 3.70

Triploidy 69XXX 1 0.37
Structural aberration 91 33.71

Translocation 83 30.74

Balanced 66 24.44

Robertsonian

t (13q;14q) 13 4.81

t (13qg;21q) 3 1.11

t (l4q;21q) 1 0.37

Reciprocal 49 18.14

Unbalanced 17 6.29

Isochromosome 2 0.75

Deletion 6 2.22
Mosaicism 15 5.55

Total 270 100.00

cases, structural aberrations were 91 cases, and mo-
saicisms were 15 cases. In cases of autosomal nu-
merical disorders, 96 trisomy 21, 33 trisomy 18, and
6 trisomy 13 were observed. In cases of sex chro-
mosomal numerical disorders, 10 45X, 10 47XXY,
and 2 47XXX were observed. In cases of translo-
cations, 17 unbalanced translocations, 17 Robert-
~sonian balanced translocations, and 49 reciprocal
translocations were observed. Among the 15 mosai-
cisms, 4 cases were Turner syndrome and 2 cases were
Down syndrome (Table 3).

Age distribution of chromosomal analysis

Chromosomal anomalies were found in 2.0% of
mothers from age 20—-24, 2.1% from 25-29, 2.4%
from 30—34, 2.7% from 35-39, and 2.8% over 40
years old. For statistical analysis, 2-test was used. No
statistical difference could be found in the maternal

Table 4. Distribution of Chromosomal Aberrations by
Maternal Age

Chromosomal aberration

Maternal age

No. %
20—24 11/549 2.00
25—29 60/2811 2.13
30—34 73/2989 244 .
35—-39 100/3735 2.68
40— 26/916 2.83
Total 270/11,000 2.45

No statistical difference could be found in the maternal age
distribution among detected chromosomal anomalies (p value

=0.556).

Table 5. Abnormal Karyotype According to Indication

Chromosomal aberrations

Indication

Total  No. %
Advanced maternal age 4651 124 2.66
Previous chromosomal anomaly 685 14 2.04
Previous congenital anomaly 762 14 1.84
Positive maternal serum marker 3720 83 2.23
Previous neonatal death or stillbirth 71 2 2.81
Abnormal US findings 322 21 6.52
Others . 438 12 2.74
Total 270 2.45

age distribution among detected chromosomal ano-

malies (p value=0.556) (Table 4).

Chromosomal anomalies and amniocentesis indica-
tions

Chromosomal anomalies were found in 2.7% of
4,651 advanced maternal age patients, in 2.0% of
patients with previous history of chromosomal ano-
maly, in 1.8% of patients with previous history of
congenital anomalies, in 2.2% of patients with abnor-
mal maternal serum markers, and in 6.5% of patients
who took amniocentesis” due to abnormal ultrasono-

graphic findings (Table 5).
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DISCUSSION

Since prenatal diagnosis by chromosomal analysis
became available using amniocentesis in 1967, it has
been increasingly used in the diagnosis and treatment
of obstetrical practice between 15 and 18 gestational
weeks. According to Golbus, the success rate of fetal
cell culture approaches 99.7%,” and due to the
development of ultrasonography the rate of hemor-
rhagic amniocentesis has decreased from 15% to
5.2%.° In the 1970s and 1980s, the most common
indication for amniocentesis was advanced maternal
age (35 years old). In the study of Golbus it was
2024/3000 (80%), 1279/2013 (63.9%) in the report
of Dacus, while in the study of Bell the rate increased
from 38.4% in the 1970s to 57.8% in the 1980s.”""
In Korea, Ju reported the rate to be 81.7% from
1980 to 1983.” In this study, similar findings were
observed: 74.5% (1589/2132) of amniocentesis was
done due to advanced maternal age from 1980 to
1990.

The incidence of chromosomal abnormalities in-
creased as maternal age advanced. In maternal age
over 35 years, the incidence was 1/350 and it
increased to 1/100 in maternal age over 40 years.m
However, if only the age group over 35 is included
in amniocentesis, only 20% of Down's syndrome can
be detected. Therefore the need for screening in
mothers under age 35 who have a high probability
of a chromosomally abnormal fetus has been advo-
cated."’ The incidence of chromosomal abnormalities
did not show a significant difference depending on
maternal age in this study. The incidence of chro-
mosomal abnormalities in the advanced maternal age
group was 2.71%, 2.43% in age 30—34, 2.13% in
age 25—29, and 2.00% in age 20-24. Compara-
tively, more mothers under 34 years of age took
amniocentesis due to the progress in ultrasonographic
examination and maternal serum markers as screening
tests.

There have been reports from NYCR (New York
Chromosome Registry) where the changes in practice
of amniocentesis from 1984 to 1993 were analyzed.12
During those 10 years, no significant changes could
be observed in the number of advanced maternal age
cases taking amniocentesis, but in the group of
maternal age younger than 35 years, the rate rose
from 1.4% in 1984 to 4.7% in 1993."> Some of the
reasons for this rise include: a better informed sit-
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vation of the importance of prenatal genetic di-
agnosis; an increased number of labs where chro-
mosomal analysis can be done; and progress in
prenatal screening tests including ultrasonography
and maternal serum markers. In particular, the
importance of maternal serum markers in detecting
Down syndrome was mentioned.

The MSAFP (maternal serum alpha fetoprotein)
test done in the midtrimester shows an abnormally
increased value in 3—4% of mothers who take it
according to Wenstrom and about 80—85% of these
cases result in neural tube defect.” In cases of
elevated MSAFP levels, there has also been an in-
crease in the number of cases proceeding to amnio-
centesis, and Crandall reported 21% of elevated
MSAFP patients had chromosomal anomaly.14 Mer-
katz reported an average 25% decrease in MSAFP
levels in Down syndrome,” and since then many
reports have confirmed the decrease in MSAFP level
in trisomies.""® Canick reported a 0.79 times de-
crease in maternal serum uE2 level in Down syn-
drome." Several reports have confirmed the positive
relationship between hCG and chromosomal abnor-
malities, and currently an elevated level of hCG is
used in the detection of aneuploidies in clinical
practice.”’ Yang reported that the most common
indication of amniocentesis from 1993 has changed
from advanced maternal age to abnormal maternal
serum markers.”" According to the reports of Ogueh,
42.1% of amniocentesis done between 1991-—1994
was due to advanced maternal age and 56.1% was
due to abnormal maternal serum markers. In this
study, ever since the early 1990s when maternal
serum markers were used, 44.8% of amniocentesis
was done due to abnormal maternal serum markers.

In cases of previous birth to congenital or chro-
mosomal anomalies, or a history of congenital or
chromosomal anomalies, there should be a proper
diagnosis in consideration of psychiatric stress that
could affect the family. In this study, 6.2% of
amniocentesis was done due to previous birth to
chromosomal anomalies, and 6.9% of amniocentesis
was done due to previous birth to congenital ano-
malies.

Progress in ultrasonographic examination has also
resulted in an increased number of candidates taking
amniocentesis.”> In this study, 2.93% of amnio-
centesis was done due to abnormal findings depicted
in ultrasonographic examination. It is still a matter
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of debate whether or not to include ultrasonographic
findings suggesting fetal choroid plexus cyst in the
category of independent variables of trisomy 18.77%
In the study of Yang, 7.9% of patients taking
amniocentesis due to abnormal findings in ultrasono-
graphic examination independent of maternal age or
maternal serum markers had chromosomal anomalies.
In this study, 6.5% of patients who took amnio-
centesis due to abnormal ultrasonographic findings
had chromosomal anomalies. These results strongly
advocate the need for amniocentesis in cases of
abnormal ultrasonographic findings.

According to Yagel, 92.2% of Down syndrome can
be screened in consideration of maternal age, ma-
ternal serum triple test results, and midtrimester
targeted-organ screening by ultrasonography.”’ Holo-
prosencephaly, ventriculomegaly, agenesis of the cor-
pus callosum, thickened nuchal skin fold or nuchal
edema, cystic hygroma, congenital heart disease, eso-
phageal atresia, duodenal atresia, diaphragmatic her-
nia, omphalocele, and nonimmune hydrops are im-
portant ultrasonographic findings requiring amnio-
centesis.”

Of all the amniocentesis procedures done, 4.3%
were found to be chromosomal anomalies in the
report of NICHD.” This value varies according to
different studies, from 1.0% to 6.3%.”?' In this
study, 2.46% of all cases were found to have chro-
mosomal anomalies, which was similar to the data of
Yang and Bell. Dacus reported 1.0% (20/2000) chro-
mosomal anomalies, of which 11 were Down syn-
drome.” Cruickshank reported 2.0% to have Down
syndrome and 3.0% to have chromosomal anomalies
in maternal age older than 35 years, where this rate
rose to 4.8% and 7.2% respectively in maternal age
over 40 years.”” In this study, 2.71% showed chro-
mosomal anomalies in the advanced maternal age
"group, and this value was 2.4% in maternal age
younger than 35 years. Trisomy 21 was the most
common anomaly found (35.6%), followed by trisomy
18 (12.2%) and trisomy 13 (2.2%). In cases of sex
chromosomal anomalies, 10 cases of 45X (3.7%) and
10 cases of 47XXY (3.7%) were found. Chromosomal
structural anomalies were found in 8.3/1000, a value
higher than the 2.24/1,000 reported by Hook.

From the aspect of cost-efficacy in Down syndrome
detection using amniocentesis, Glass reported screen-
ing of women older than 40 years to be most effi-
cient, whereas Hegard and Carter suggested older

than 35 years, and Andreano and McCollum sug-
gested 32 years.aa'36 Holmes suggested amniocentesis
in all women over 35 years old, and that by the end
of this century the age should be corrected to 30
years.”’

In summary, genetic amniocentesis as a prenatal
diagnostic test in Korean women has risen 10-fold in
the last 10 years (1988—1998). The primary indica-
tion of amniocentesis in the past was advanced
maternal age. However, due to the development of
maternal serum markers and early fetal abnormalities
found through more sensitive ultrasonic technology,
the indications for amniocentesis are changing. If we
look at recent statistics, the most common indication
for amniocentesis is now as a result of abnormal
maternal  serum markers. There has also been an
increase in abnormal early findings that are detected
by wultrasound and that subsequently necessitate
amniocentesis. Therefore, screening for possible am-
niocentesis now comprises more women aged 34 and
under than previously, when the advanced maternal
age group (35 and over) was most prevalent.
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