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Purpose : Fluorescence in situ hybridization (FISH) on uncultured amniotic fluid cells offers the
opportunity for rapid screening of aneuploidies and has become an integral part of the current practice
in many clinical cytogenetics laboratories. Here, we retrospectively analyzed the results of interphase FISH
in 943 amniotic fluid samples and assessed the efficiency of FISH for rapid detection of aneuploidies.
Methods : Interphase FISH for chromosome 13, 18, and 21 was performed in 943 consecutive amniotic
fluid samples for rapid diagnosis of aneuploidies referred from 2004 to 2006. Karyotypes from standard
cytogenetic analysis were compared to the FISH results.

Results : A total of 45 chromosomal rearrangements (4.8%) were found after conventional cytogenetic
analysis of the 943 amniotic fluid. After exclusion of known familiar chromosomal rearrangements and
inversions (2.1%, 20/943), 2.7% (25/943) were found to have chromosomal abnormalities. Of this group,
0.7% (6/943) were chromosomal abnormalities not detectable by FISH and 2.0% (19/943) were numerical
abnormalities detectable by FISH. All 14 cases of Down syndrome (Classic type, 13 cases; Robertsonian
type, 1 case) and 5 cases of trisomy 18 were diagnosed and detected by FISH and there were no
false-positive or —negative results (specificity and sensitivity=100%).

Conclusion : The present study demonstrates that FISH can provide a rapid and sensitive clinical
method for prenatal identification of chromosome aneuploidies. However, careful genetic counseling is
essential to explain the limitations of FISH, including the inability to detect all chromosomal abnor-
malities and the possibilities of uninformative or false-negative results in some cases.

Key Words : Prenatal diagnosis, Fluorescence in situ hybridization (FISH), Aneuploidy, Amniocentesis,
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Introduction

Rapid prenatal detection of numerical chromosome ab-

normalities by fluorescence in situ hybridization (FISH) on
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uncultured amniotic fluid samples was introduced in 1992V
and has become an integral part of the current practice in
many clinical cytogenetics laboratories. Aneuploidies invol-
ving chromosomes 13, 18, 21 and sex chromosomes, ac-
counts for 60-80% of abnormal karyotypes detected during
prenatal diagnosisz' ¥ FISH on uncultured amniotic fluid
cells allows diagnosis with probes specific for these five

chromosomes within 4-48h. Rapid diagnosis of fetal
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chromosome anomalies may facilitate clinical decision—
making, especially when a fetal abnormality is detected late
in pregnancy. Since 1993, the American College of Medical
Genetics (ACMG) has taken the position that prenatal in-
terphase FISH is worth investigating. In 1997, the FDA
cleared the AneuVision assay (Vysis, Downers Grove, IL,
U.S.A.) to enumerate chromosome 13, 18, 21, X and Y for
prenatal diagnosis4) . Several reports have described the
effectiveness of interphase FISH in prenatal diagnosis‘l*g) .
The use of interphase FISH for rapid prenatal diagnosis of
numerical chromosome abnormalities from direct prepara-
tions of amniocytes is now Widespreadm’ D 1n the present
retrospective study, we collected data on the results of
interphase FISH in 943 amniotic fluid samples for 3 years
(2004-2006) and assessed the efficiency of FISH to detect
trisomies 13, 18 and 21, compared with conventional cyto-

genetic analysis.

Materials and Methods

A total of 943 amniotic fluid samples from 2004 to 2006
were subjected to interphase FISH as well as karyotyping.
Amniocenteses were performed in various medical sites,
but all samples were analyzed in the Seoul Clinical Labo-
ratories. Clinical data, including age, gestational weeks and
indications, were obtained from records at the request of
the cytogenetics laboratory. Informed consent for genetic
test was obtained from all subjects. The data that have
been collected provided a detailed account of the number
of amniocentesis results for the following indications: 1)
AMA, that is, if the mother is >35 years old at the ex-
pected date of confinement; 2) previous history of fetus/
child with chromosomal abnormalities and congenital ano-
malies; 3) family history of chromosomal abnormalities and
congenital anomalies; 4) carrier of X-linked recessive dis-
order; 5) abnormal screening markers (a—fetoprotein, hu-
man chorionic gonadotropin and/or unsaturated estriol) in
maternal serum; 6) abnormal ultrasonographic (US) fin-
dings; 7) history of missed or recurrent abortions and/or

unexplained death in utero; 8) patient anxiety and 9) twins.

Abnormal ultrasonographic findings were categorized as
follows: fetal and placental malformations (single or multi-
ple), abnormal amniotic fluid volume (polyhydramnios or
oligohydrmanios) and intrauterine growth restriction. The
distribution of fetal malformations comprised heart ano-
malies, diaphragmatic hernia, duodenal atresia, abdominal
wall defects, fetal effusion/hydrops, hydrocephalus, mild
ventriculomegaly and thickened nuchal fold (>6 mm).
For each specimen, 2-4 mL of clear amniotic fluid was
applied. The FISH analyses were performed on uncultured
amniocytes, using DNA probes specific for chromosome 13,
18 and 21. For chromosome 13 and 21, LSI (locus— specific
identifier) probes (Vysis, Downers Grove, IL, U.S.A.) were
used, for chromosome 18, CEP (chromosome enumeration
probe) was used (Vysis, Downers Grove, IL, US.A). A
minimum of 100 interphase nuclei with defined hybridiza-
tion signals were enumerated for each chromosome by two
different technicians. Hybridizations with fewer than 30
scorable nuclei, or fewer than 70% of nuclei with either
aneuploid or aneuploid hybridization pattern, were consi-
dered uninformative. The conventional cytogenetic analy-
ses of amniotic fluid samples were performed using an in
situ culture method. The amniocytes were cultured in three
Petri dishes in 2 mL of BIOAMF (Biological, Inc., Kibbutz
Beit Haemek, Israel) as the basal medium supplemented
with BIOAMFE supplement (Biological, Inc., Kibbutz Beit
Haemek, Israel), 1% 200 mM L-glutamine (Gibco, New
York, USA), 100 U/mL penicillin (Biological, Inc., Kibbutz
Beit Haemek, Israel.) and 100 ug/mL streptomycin (Biolo—
gical, Inc., Kibbutz Beit Haemek, Israel.) using the tech-
nique described earlier'. Cultures were harvested when
colonies were sufficient (at least 15 colonies), 6-10 days
after seeding. Chromosomes were prepared in the usual

12)
manner .

Routine diagnosis was performed using the
GTG-banding techniquel"”. In some cases, analysis was
completed by the C-banding technique. Cytogenetic diag-
noses were based on examination of GTG-banded chro-
mosomes from at least 20 cultured metaphase cells from a
minimum of two independent culture dishes. The results of

interphase FISH analyses were compared to conventional
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cytogenetic analysis from cultured cells.

Results

Of the 943 samples, 43.1%6 had a maternal age between
30 and 34 years, which was the most common age group,
followed by age 25-29 (242, 25.6%), 35-39 (233, 24.7%),
older than 40 (46, 4.9%) and 20-24 (16, 1.7%). The aneu-
ploidies were most frequently detected in age 30-34 (9,
47.3%) (Table 1). In declining order of incidence, amnio-
centesis was done at 17 gestational weeks in 37.2% of
cases, 16 in 22.8%, 18 in 19.5%, 19 in 8.2% and less than
15 in 5.8%. The aneuploidies were most frequently detected
in gestational weeks 18 (6, 31.5%) (Table 2). The indica-
tions for interphase FISH analyses are shown in Table 3.
The main indication was an abnormal maternal serum
screening test (84.5%), followed by AMA (4.3%), abnormal

Table 1. Age Distribution

US findings (4.0%) and abnormal maternal serum screening
combined with AMA (3.0%). Among indications, 15 aneup-
loidies (trisomy 21, 11 cases; trisomy 18, 4 cases) were
referred for abnormal maternal serum screening test, 3
(trisomy 21, 2 cases; trisomy 18, 1 case) for abnormal US
findings and one (trisomy 21, 1 case) for abnormal mater-
nal serum screening combined with AMA. Of the 797 cases
with abnormal US findings, 15 resulted in chromosomal
aneuploidies, which showed the highest positive predictive
value (8.3%) among indications.

Table 4 gives an overview of the 45 chromosomal rear-
rangements (4.8%) found after conventional cytogenetic
analysis in the 943 amniotic fluid samples, and when
compared to interphase FISH results. After exclusion of
known familiar chromosomal rearrangements and inver-
sions (2.1%, 20/943), 2.7% (25/943) chromosomal abnor-
malities found. Of this group, 0.7% (6/943) was chromo-

No. of patients (%)

No. of aneuploidies detected by FISH

Maternal age (years)

Trisomy 21 Trisomy 18 Trisomy 13 Total (%)
20-24 16 ( 1.7) 0 0 0 0( 0)
25-29 242 (25.6) 3 0 0 3 (15.8)
30-34 406 (43.1) 8 1 0 9 (41.3)
35-39 233 (24.7) 2 4 0 6 (31.6)
>40 46 ( 4.9) 1 0 0 1(53)
Total 943 (100) 4 5 0 19 (1100)
FISH, Fluorescence in situ hybridization; No., Number
Table 2. Gestational Age Distribution

No. of aneuploidies detected by FISH

Gestational age (weeks) No. of patients (%) : :

Trisomy 21 Trisomy 18 Trisomy 13 Total (%)
<15 55 ( 5.8) 2 0 0 2 (10.5)
16 215 (22.8) 3 2 0 5 (26.3)
17 351 (37.2) 1 0 0 1(53)
18 184 (19.5) 3 3 0 6 (31.5)
19 77 ( 8.2) 2 0 0 2 (10.5)
20 19 ( 2.0) 0 0 0 0( 0)
21 8 (0.8) 1 0 0 1(53)
22 9 (1.0 1 0 0 1(53)
23 4(04) 0 0 0 0C0)
>24 21 ( 2.3) 1 0 0 1(53)
Total 943 (100) 14 5 0 19 (100)

FISH, Fluorescence in situ hybridization; No., number
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somal abnormalities not detectable by FISH (Table 4, II
A) and 20% (19/943) were numerical chromosomal
abnormalities detectable by FISH (Table 4, IL.B.). We had
no uninformative results and the detection rate for
aneuploidies was 1002 in this study. All 14 cases of

Down syndrome (Classic type, 13 cases; Robertsonian

Table 3. Indications for Prenatal Interphase FISH Studies

type, 1 case) and 5 cases of trisomy 18 were diagnosed
detected by FISH and there were no false-positive or —
negative results (specificity and sensitivity=100%5). We
demonstrated that uncultured amniotic cells derived from a
Down syndrome and Edward syndrome fetus showed
three signals for chromosome 21 and 18 (Fig. 1A and 1B).

Aneuploidies detected by FISH

Indications

No. of patients ppppatients (%) N %
Advanced maternal age (AMA) (=35 years) 4 ( 4.3) 0 0
Previous chromosomal abnormalities 6 ( 0.6) 0 0
Family history of chromosomal abnormalities 4 (0.3) 0 0
Abnormal maternal serum screening 797 (84.5) 15* 1.9
Abnormal ultrasonographic (US) findings 36 (4.0 K 8.3
Previous neonatal death or stillbirth 11 (1.2) 0 0
Patient anxiety 2(02) 0 0
Twin 10 C1.1) 0 0
Abnormal maternal serum screening +AMA 27 ( 3.0 ¥ 37
Abnormal maternal serum screening +Abnormal US findings 6 ( 0.6) 0 0
AMA +Abnormal US findings 3(02) 0 0
Total 943 (100) 19 2.0

*11 cases of trisomy 21 and 4 cases of trisomy 18; **2 cases of trisomy 21 and 1 case of trisomy 18; " Trisomy 21

No., number

Table 4. Summary of 45 Chromosomal Rearrangements (4.8%) Found after Conventional Cytogenetics in 943 Prenatal Amniotic Fluid

Samples

|. Balanced chromosomal rearrangements (N=20) (2.1%)

Karyotype N
46,XX,inv(9)(p12013) 19
46,XX,1(2;18)(p11.2;012.2)mat 1
Il. Unbalanced chromosomal rearrangements (N=25) (2.7%)

A. Chromosomal abnormalities (N=6) not detectable by FISH (0.7%)

Karyotype N
46,XY,del(4)(p15.1) 1
46,XX, 0l (22)(q13.1) 1
47.XY, +2[101/46,XY[31] [
46,XY,dup(9)(021.2022.1) 1
46,XX,add(5)(c35) !
47,XX, +mar 1
B. Chromosomal abnormalities (N=19) detectable by FISH (2.0%)

Karyotype Conventional FISH detected Percentage
Trisomy 21 13 13 1.4
46,XY,der(14;21)(a10;a10), +21 1 1 0.1
Trisomy 18 5 5 05

N, number
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Fig. 1. Interphase nuclei from uncultured amniocytes by FISH shows (A) three green (18 chromosome)
and (B) three red (21 chromosome) signals. Cytogenetic analyses show (A) 47,XX,+18 and (B)

47, XY, +21.
Discussion

Since the 1970s, karyotyping of fetal cells cultured from
amniotic fluid has been the gold standard technique for the
prenatal diagnosis of chromosomal disorders. However, a
significant and well-known limitation of this technique is
that cells have to be cultured, leading to a delayed result
(commonly between 14 and 21 days). This waiting for
chromosome analysis can be especially stressful for both
the patients and the physiciansm. Fluorescence in situ
hybridization (FISH), performed in uncultured amniotic fluid
cells with DNA probes specific for chromosomes 13, 18, 21,
X and Y, has been used in several laboratories for rapid
prenatal detection of aneuploidies, as an adjuvant to routine
metaphase cytogeneticsl' 517 We present the results of the
application of interphase FISH for chromosome 13, 18, 21
in 943 consecutive amniotic fluid samples for the rapid
prenatal diagnosis of aneuploidies performed during the
period of 1 January 2004 to 31 December 2006.

In the 1980s, amniocentesis was used primarily for those
in advanced maternal age groups, at least 35 years old.
Other recent reports have shown that prenatal diagnosis of
chromosomal disorders is still performed mainly for preg-
nancies at an advanced maternal agelg' 9, Yang reported
that the most common indication of amniocentesis for rapid
prenatal diagnosis of chromosomal aneuploidies by FISH

was due to advanced maternal ageZO). In the present study,

the main indications of rapid FISH analysis were a positive
maternal serum screening test (Table 3). In particular, this
test has made remarkable progress as both a routine prena-
tal screening program and a detection technique in Korea.
In studies by Yang et 3121), Tseng et al” , and Karaoguz et
alzg), abnormal US findings showed the highest detection
rate for chromosomal abnormalities in prenatal diagnosis,
at 6.5%6, 8.9% and 5.3%, respectively. In the present study,
of the 36 cases with abnormal US findings, 3 resulted in
chromosomal aneuploidies, which showed the highest posi-
tive predictive value (8.3%) among the indications. Today,
highly sensitive ultrasonic technology can detect many
fetal anomalies, which eventually necessitate amniocen-
tesis.

A total of 2.7% (25/943) chromosomal abnormalities were
diagnosed after conventional cytogenetics; after exclusion
of known familiar chromosomal rearrangements, i.e. ba-
lanced autosomal reciprocal or Robertsonian translocations
and inversions, 2.1% (20/943) chromosomal abnormalities
were identified. The present study found that FISH is a
reliable technique for the rapid prenatal diagnosis of tri-
somy 21, as all 14 cases of Down syndrome were identified
by interphase FISH and confirmed by conventional cytoge-
netics (sensitivity=100%), without false—positive results
(specificity=100%). Five cases of Edward syndrome de-
tected by FISH (Table 4B) were also confirmed by conven-

tional cytogenetics and there were also no false positive
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results. The reports on rapid detection of aneuploidy using
FISH for prenatal diagnosis, consisting of various numbers
of cases in Korea, have revealed that FISH can provide a
rapid and accurate clinical method for prenatal identification
of chromosome aneuploidieSZO‘ w2, Although FISH is reli-

11, 28) .
, reports 1n-

able for detection of non—-mosaic trisomies
dicate that 15-30% of chromosome abnormalities detected
by karyotyping would not be detected by FISH testingz’ L
® In present study, 0.79% (6/943) of the clinically signifi-
cant chromosomal abnormalities (including unbalanced
structural rearrangements, marker chromosomes and mo-
saic aneuploidies) were not detected by FISH (Table 4A).
In addition to the chromosomal abnormalities described as
being clinically important, there was a group of 20 cases
with a familial, balanced translocation that would have
been missed with rapid FISH alone. Although these are
not significant in this pregnancy, they have the potential
to result in unbalanced products in future pregnanciesgm .

Ward et al. reported that 9.8% of the FISH results were
uninformative. The cause of the failed hybridization or
problematic results is due to insufficient number of nuclei
for analysis in one or more chromosomes>. The accuracy
and reproducibility of FISH analyses was critically depen-
dent upon the specificity and sensitivity of the probesw’ 1,
We had no uninformative results, and the detection rate for
aneuploidies was 100%, in this study. The present results
indicate good performance of the commercially available
probe sets.

FISH analysis of uncultured amniocytes offers an infor-
mative result, in most cases, in 4-24 h. Rapid results may
be crucial for important clinical decision-making in some
cases and are helpful in decreasing the anxiety level in
most patients with an abnormal maternal serum screening
and increased risk for trisomy. However, it has been
demonstrated that omitting karyotype analyses will lead to
a significant number of false negative results related to
other unbalanced abnormalities”. This is demonstrated by
the residual risk (0.7%6) of unbalanced abnormalities after
a normal FISH result in present study. Clearly, there is no

dispute that this FISH-based aneuploidy screening cannot

detect aneuploidy for non-tested chromosomes, nor is it
currently designed to detect euploid states with other cyto-
genetic abnormalities (e.g. translocation, inversion, marker
chromosome).

The present study demonstrates that FISH can provide
a rapid and sensitive clinical method for prenatal identifi-
cation of chromosome aneuploidies as a complement to
conventional cytogenetics. Careful genetic counseling is
essential to explain the limitations of FISH, including the
inability to detect all chromosomal abnormalities, as well
as the possibility of uninformative or false-negative results

in some cases.

oo
2 H: & Ad A o)A A 93 mujk g
AEZ 0] &3 FISH AAR: H B AZfdadade &
3k I T szt Har vk old] E AAES o= w
G A 9430l whsto] A A o)A Kol 1o
A wluleF k4 FISHS 44 5848 dolr 1A} 3t}
al

Alstedar, akELe] el Q1A 1*9} eSS B8
FISH A¥= 384 44 g2 vt shqiv
Z 1p: S AA 943l tis) A AHEAS A
3 AF} 458(4.8%) M A FAA] o] o] WAL o] F TF
7] FISHZA o} vl sttt 7454 A4 e xdse) o9
20815 A9k AAA o] o] 2580l A WAL 27%E
A= 2 5 62(0.7%) = FISHZ A&%A ¢89kal 19
#1(2.0%)= FISHR2 A=¥3th. AP 8443 g5
o] lélfﬁ](ClrclssinSﬂ 138, A=Y 1892 #AZF Y o=
< 58l2 B FISHZ AE¥ A 9194, 91574
(Eolme} W7, 100%).
=Ed. E P B oa_%aur FISH?“V} FAA| o] e Xt
L 1=

¢ BHY 5 Ut Vs
o

1ﬂ
eRIgh 2 RE g dET
4 glom 9184 43E 1S 9= FISH 74k a7
giste] 2lFst o] Fasitta Als Tt



Rapid prenatal diagnosis of chromosome aneuploidies in 943 uncultured amniotic fluid samples by FISH 53

References

1) Klinger K, Landes G, Shook D, Harvey R, Lopez L, Locke

2

3

4

5

6

7

8

9

10

11

~

=

=

Nl

=

~

)

)

)

~

P, et al. Rapid detection of chromosome aneuploidies in
uncultured amniocytes by using fluorescence in situ
hybridization (FISH). Am J Hum Genet 1992;51:55-65.
Evans MI, Henry GP, Miller WA, Bui TH, Snidjers R],
Wapner RJ, et al. International, collaborative assessment
of 146,000 prenatal karyotypes: expected limitations if
only chromosome-specific probes and fluorescent in-situ
hybridization are used. Hum Reprod 1999;14:1213-6.
Caine A, Maltby AE, Parkin CA, Waters JJ, Crolla JA,
UK Association of Clinical Cytogeneticists (ACC). Pre-
natal detection of Down's syndrome by rapid aneuploidy
testing for chromosomes 13, 18, and 21 by FISH or PCR
without a full karyotype: a cytogenetic risk assessment.
Lancet 2005;366:123-8.

Tepperberg J, Pettenati MJ, Rao PN, Lese CM, Rita D,
Wyandt H, et al. Prenatal diagnosis using interphase
fluorescence in situ hybridization (FISH): 2-year multi—
center retrospective study and review of the literature.
Prenat Diagn 2001;21:702-4.

Eiben B, Trawicki W, Hammans W, Goebel R, Pruggma-
ver M, Epplen JT. Rapid prenatal diagnosis of aneuploi-
dies in uncultured amniocytes by fluorescence in situ hy-
bridization. Evaluation of >3,000 cases. Fetal Diagn Ther
1999;14:193-7.

Pergament E, Chen PX, Thangavelu M, Fiddler M. The
clinical application of interphase FISH in prenatal diagno-
sis. Prenat Diagn 2000;20:215-20.

Thilaganathan B, Sairam S, Ballard T, Peterson C, Me-
redith R. Effectiveness of prenatal chromosomal analysis
using multicolor fluorescent in situ hybridisation. BJOG
2000;107:262-6.

Sawa R, Hayashi Z, Tanaka T, Onda T, Hoshi K, Fukada
Y, et al. Rapid detection of chromosome aneuploidies by
prenatal interphase FISH (fluorescence in situ hybridiza-
tion) and its clinical utility in Japan. J Obstet Gynaecol
Res 2001;27:41-7.

Wyandt HE, Tonk VS, Huang XL, Evans AT, Milunsky
JM, Milunsky A. Correlation of abnormal rapid FISH and
chromosome results from amniocytes for prenatal diag-
nosis. Fetal Diagn Ther 2006;21:235-40.

D’Alton ME, Malone FD, Chelmow D, Ward BE, Bianchi
DW. Defining the role of fluorescence in situ hybridization
on uncultured amniocytes for prenatal diagnosis of aneu-
ploidies. Am ] Obstet Gynecol 1997;176:769-74.

Lewin P, Kleinfinger P, Bazin A, Mossafa H, Szpiro-
Tapia S. Defining the efficiency of fluorescence in situ

hybridization on uncultured amniocytes on a retrospective
cohort of 27407 prenatal diagnoses. Prenat Diagn 2000;20:
1-6.

12) Verma RS and Babu A. Tissue culture techniques and
chromosome preparation. In: Verma RS and Babu A, eds.
Human chromosomes principles and techniques. 2nd ed.
New York: McGraw-Hill Press, 1995:6-71.

13) Seabright M. A rapid banding technique for human
chromosomes. Lancet 1971;30:971-2.

14) Evers-Kiebooms G, Swerts A, van den Berghe H.

Psychological aspects of amniocentesis: anxiety feelings

in three different risk groups. Clin Genet 1988;33:196-206.

Divane A, Carter NP, Spathas DH, Ferguson-Smith MA.

Rapid prenatal diagnosis of aneuploidy from uncultured

15

Nl

amniotic fluid cells using five—colour fluorescence in situ
hybridization. Prenat Diagn 1994;14:1061-9.
Eiben B, Trawicki W, Hammans W, Goebel R, Epplen
JT. A prospective comparative study on fluorescence in
situ hybridization (FISH) of uncultured amniocytes and
standard karyotype analysis. Prenat Diagn 1998;18:901-6.
17) Morris A, Boyd E, Dhanjal S, Lowther GW, Aitken DA,
Young J, et al. Two years’ prospective experience using
fluorescence in situ hybridization on uncultured amniotic

16

=

fluid cells for rapid prenatal diagnosis of common
chromosomal aneuploidies. Prenat Diagn. 1999;19:546-51.
Karaoguz MY, Bal F, Yakut T, Ercelen NO, Ergun MA,
Gokcen AB, et al. Cytogenetic results of amniocentesis
materials: incidence of abnormal karyotypes in the
Turkish collaborative study. Genet Counsel 2006;17:219-
30.

Tseng JJ, Chou MM, Lo FC, Lai HY, Chen MH, Ho ES.
Detection of chromosome aberrations in the second tri-

18

=

19

=

mester using genetic amniocentesis: experience during
1995-2004. Taiwan ] Obstet Gynecol 2006;45:39-41.
Yang YH, Kang JY, Yang ES, Jang SY, Cho ]S, Park
YW, et al. Clinical usefulness of Fluorescence in situ
hybridization (FISH) in the diagnosis of genetic disease.
Korean J Obstet Gynecol 2002;45:1016-25.

Yang YH, Ju KS, Kim SB, Cho YH, Lee JH, Lee SH, et
al. The Korean collaborative study on 11,000 prenatal
genetic amniocentesis. Yonsei Med ] 1999;40:460-6.
Tseng JJ, Chou MM, Lo FC, Lai HY, Chen MH, Ho ES.
Detection of chromosome aberrations in the second tri-

20

=

21

~

22

N7

mester using genetic amniocentesis: experience during
1995-2004. Taiwan J Obstet Gynecol 2006;45:39-41.

Karaoguz MY, Bal F, Yakut T, Ercelen NO, Ergun MA,
Gokcen AB, et al. Cytogenetic results of amniocentesis

23

=

materials: incidence of abnormal karyotypes in the Tur-
kish collaborative study. Genet Counsel 2006;17:219-30.

Lim HJ, Kim Y], Yang JH, Kim E]J, Choi ]S, Jung SH, et
al. Amniotic fluid interphase fluorescence in situ hybridi-

24

=



54

Han SH - Kang JS - An JW - Lee AN - Yang YH - Lee KP - Lee KR

25

26

27

)

)

~

zation (FISH) for detection of aneuploidy; experiences in
130 prenatal cases. J Korean Med Sci 2002;17:589-92.
Kim TY, Choi TY, Jeong SY, Jeong OS, Moon HS, Kim
SG. Clinical application of interphase FISH for the rapid
prenatal detection of common chromosome aneuplodies: a
clinical report of 300 cases. Korean J Fetal Med 2006;2:
46-52.

Kang JH, Lee SH, Park SH, Park JH, Kim JY, Han WB,
et al. Rapid prenatal diagnosis of Down syndrome and
Edward syndrome by fluorescence in situ hybridization:
clinical experience with 309 cases. J] Genet Med 2007;3:
64-71.

Hwang D, Lee DS, Choe J, Choi HS, Min ], Lee S, et al.
Rapid detection of aneuploidy using FISH in uncultured
amniocytes for prenatal diagnosis: 8-year experience. |

28

29

30

)

=

=

Genet Med 2007;4:190-5.

Ward BE, Gersen SL, Carelli MP, McGuire NM, Dackow-
ski WR, Weinstein M, et al. Rapid prenatal diagnosis of
chromosomal aneuploidies by fluorescence in situ hybridi-
zation: clinical experience with 4,500 specimens. Am ]
Hum Genet 1993;52:854-65.

Thein AT, Abdel-Fattah SA, Kyle PM, Soothill PW. An
assessment of the use of interphase FISH with chromo-
some specific probes as an alternative to cytogenetics in
prenatal diagnosis. Prenat Diagn 2000;20:275-80.

Homer ], Bhatt S, Huang B, Thangavelu M. Residual risk
for cytogenetic abnormalities after prenatal diagnosis by
interphase fluorescence in situ hybridization (FISH).
Prenat Diagn 2003;23:566-71.



