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ÖZET
Amaç: İnvazif prenatal tanıda (IPT) maternal serum tarama testle-
rinin (MS-TT) ve fetal ultrasonografinin (USG) klinik ve sitogene-
tik bulgular üzerine olan etkisini belirlemek.

Gereç ve Yöntem: 23 yıllık süreçte invazif girişimle elde edilen 
23469 amniyosentez (AS) ve 2492 koryon villus aspirasyonu uy-
gulama (KVA) sonuçları, 2000 yılı öncesi ve sonrası iki döneme 
ayrılarak karşılaştırıldı.

Bulgular: İleri anne yaşı (İAY) ile başvuran olgu sayısı azalırken, 
MS-TT ve fetal USG endikasyonu ile başvuran olguların sayısın-
da artma gözlendi. Kromozom anomali oranı KVA’da %10,1’den 
%17,6’ya ve AS’de %3,2’den %4,3’e yükseldi. Yaygın anöploidi-
ler, KVA’da anomalilerin %69,6’sını (n=385) ve AS’de anomalilerin 
%65,1’ini (n=892) oluşturdu. Bilinen kromozom anomali taşıyı-
cıları hariç tutulduğunda, kromozomal yeniden düzenlemelerin 
oranı KVA’da %1,4 ve AS’de %1 idi. KVA’nun %1,7’sinde KVA ve 
AS arasında uyumsuz sitogenetik sonuçlar gözlendi. KVA’da ger-
çek/olası gerçek mozaiklik, yalancı pozitif plasentayla sınırlı mo-
zaisizm (PSM) ve yalancı negatif PSM oranı sırasıyla %1,02, %0,57 
ve %0,49 bulundu.

ABSTRACT
Objective: To determine the impact of maternal serum screen-
ing tests (MS-STs) and ultrasonography (US) on clinical and cyto-
genetic findings in invasive prenatal diagnosis (IPD)

Material and Method: Results of 23469 amniocentesis (AC) and 
2492 chorionic villus sampling (CVS) obtained over 23 years were 
compared with regard to two periods; before and after year 2000.

Results: Cases with advanced maternal age (AMA) decreased, 
while MS-STs and fetal US increased in the timeline. The rate 
of chromosome aberration increased from 10.1% to 17.6% in 
CVS and from 3.2% to 4.3% in AC. The common aneuploidies 
summed up to 69.6% of anomalies (n=385) in CVS and 65.1% 
of anomalies (n=892) in AC. When known parental carriers were 
excluded, the rate of chromosomal rearrangements was 1.4% in 
CVS and 1% in AC. Discrepant cytogenetic results between CVS 
and AC were observed in 1.7% of CVS. The rate of true/possi-
ble true mosaicism, false-positive confined placental mosaicism 
(CPM) and false-negative CPM was 1.02%, 0.57% and 0.49% in 
CVS, respectively.

Conclusion: MS-ST and US had a serious impact on the indica-
tions for invasive procedures and the rates of chromosome ab-
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INTRODUCTION

The risk of trisomies increases with maternal age, de-
creases with advancing gestation (1-3). Although half of 
the trisomy 21 (T21) conceptuses survive to term, it is the 
most common chromosomal abnormality seen at birth 
and AMA as a screening parameter allowed us to diag-
nose about 1/4 of the T21s. The developing of the MS-ST 
known as “triple test” (TT) by using the three biochemical 
markers (Alfa fetoprotein, free ß-human Chorionic Go-
nadotropin, unconjugated estriol) in the 1980s increased 
the detection rate of T21 to 60-70% (4). Another im-
provement in the risk estimation was the US screening to 
search the non-structural anomalies entitled “soft mark-
ers” associated with fetal aneuploidies like increased 
nuchal translucency (NT), hypoplastic nasal bone, short 
femur length, etc. (5). First trimester-ST using NT thick-
ness and two MS-biochemical markers (free ß-hCG and 
pregnancy-associated plasma protein A), raised the de-
tection rate to ~ 90% for T21 at a false positive rate of 5%, 
which exceeded 95% incorporating nasal bone and other 
special ultrasound markers (6-8). Recent improvements in 
NIPD use MS-cell free DNA (cf-DNA) technique, which 
influences the management of the high-risk pregnancies 
today and in the near future (9, 10). 

Since the cf-DNA takes its source from cytotrophoblasts, 
it is expected that the technique comprises the specifica-
tion of the cytotrophoblasts. Therefore it is necessary to 
determine its efficiency and consequences (11). For this 
aim, we reevaluated our cytogenetic data obtained from 

the largest CVS and AC series during the past 23 years 
from Turkey. Istanbul with more than 15.000.000 inhabi-
tants is the most populated city in Turkey and the number 
of deliveries exceeds 212,000 yearly (12). Although some 
western countries established national screening policies 
(13, 14), there is no nationally approved prenatal screen-
ing program in Turkey.

MATERIAL AND METHOD

During the 23 year study period, 25961 invasive proce-
dures (2492 CVS and 23469 AC) were performed in two 
centers situated in Istanbul conducted by similar princi-
ples, one faculty hospital setting from 1989 on, which was 
the first established center for PD in Turkey and private 
one from 1996 on. The clinical and cytogenetic data were 
evaluated for two periods; from 1989 to 1999 and 2000-
2011, retrospectively.

Risk factors determined by genetic counseling for IPD 
were classified as follows; (1) risk for monogenic disorders 
(MD), (2) no increased risk for chromosome aberrations 
(NIR) (maternal anxiety, etc.), (3) low risk (LR) includes cas-
es with ~ 1% risk for fetal chromosome aberrations (child 
with chromosome aberration, IVF/ICSI pregnancies, etc.), 
(4) advanced maternal age (AMA), (5) increased risk in 
MS-STs (MS-ST), (6) pathological US findings (P-US), (7) 
parental balanced chromosomal rearrangements (PBCR). 
The number of invasive procedures in different indica-
tions according to the period and applied technique 
were shown in Table 1.

errations. The presented data will establish a baseline for better 
genetic counseling regarding IPD and noninvasive PD (NIPD) in 
different risk groups.

Keywords: Invasive prenatal diagnosis, maternal serum screen-
ing tests, fetal ultrasonography, chromosome aberrations

Sonuç: MS-TT ve USG’nin invazif girişim endikasyonları ve sapta-
nan kromozom anomali oranları üzerinde ciddi etkilerinin oldu-
ğu görülmüştür. Elde edilen veriler, farklı risk gruplarında İPT ve 
noninvazif prenatal tarama ile ilgili daha doğru ve yararlı genetik 
danışmanlık için bir temel oluşturacaktır.

Anahtar Kelimeler: İnvazif prenatal tanı, Maternal serum tarama 
testleri, fetal ultrasonografi, kromozom anomalileri

Table 1: The number of invasive procedures according to the referring indications and to the periods in CVS and AC 
series.

Indications
CVS series AC series

First period
n=662

Second period
n=1830 ∑n=2492

First period
n=7426

Second period
n=16043

∑n=23469

MD 352 626 978 86 106 192

NIR 4 9 13 188 289 477

LR 43 14 57 578 379 957

AMA 88 140 228 4633 6518 11151

ST 6 276 282 1343 4697 6040

P-US 112 714 826 543 3915 4458

PBCR 54 48 102 44 93 137

Confirmation 3 3 6 11 46 57
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Mean maternal age in AMA indication was 39.84 in CVS 
(range 35-48) and 37,97 in AC (range 35-49) in the first 
period; 39 (range 35-47) in CVS and 38 (range 35-51) in 
AC in the second period. The cut-off level of combined 
risk was 1:300 in ST indication and mean maternal age 
was 32 (range 20-45) in the second period of CVS; 31 
(range 16-45) in the first and 33 (range 18-47) in the sec-
ond period of the AC for this indication group. Cases 
without increased risk by combined first trimester-ST, but 
increased NT measurement were evaluated under P-US. 
P-US group includes all minor or major, single or multi-
ple anomalies detected in US. Cases with accompanying 
risk factors for chromosome aberrations of the MD group 
were placed into the related indications (109 AMA in 
CVS; 46 AMA and 5 P-US in AC) and remainders into the 
NIR indication in Tables 2a-2b and 3a-3b. Accompanying 
risk factors (AMA in 146 CVS and in 1333 AC; ST in 65 CVS 
and 109 AC) in P-US were considered only in Figures 1a-
1b. When more than one indication was assigned (7.5% 
in CVS and 19.4% in AC in the first period and 25% in 
CVS and 35.4% in AC in the second period), these cases 
were included into the group with the highest relative risk 
for chromosome anomaly. The cases re-evaluated due to 
ambiguous or abnormal results referred from external 

laboratories were excluded (6 CVS and 57 AC cases) from 
the series.

CVS was performed by transabdominal route by using 
18 or 20 Gauge needles. Transcervical technique was ap-
plied in 208 cases until 1998. AC was performed by using 
a 20 Gauge needle. Mean gestational age was 13.6±3 
(range 9-29) in CVS and 18 (range 11-36), ±1.8 in AC. Pro-
cedure-related abortion risk was given as 1-2% for CVS 
and as 0.5% in the genetic counseling.

Both direct preparation/short term incubation (DP) and 
in-situ long term cell culture (LTCC) techniques were per-
formed concurrently on CV samples, when adequate ma-
terial was obtained, otherwise only LTCC. LTCCs were set 
up in two or three TC-25 flasks. Routinely 20 Giemsa band-
ed metaphases at 450–550 band level were evaluated. If 
necessary, other banding and fluorescence in situ hybrid-
ization (FISH) techniques were applied. When the same 
anomaly was found in at least three DP-metaphases or in 
two flasks of LTCC, it was recorded as “mosaic”, if it was 
possible, fetal tissues were further investigated. Classical 
polymorphic variants were not included in the anomalies. 
Chi-square analyses were performed for statistical analysis.

Table 2a: The changes in the number and frequencies of the chromosome aberrations according to the referring 
indications from first to second periods of CVS series.

CVS Series
First period Second period

total rate %
∑n anomalies n anomalies % ∑n anomalies n anomalies %

NIR 308 2 0.7 533 8 1.5 1.2

LR 42 4 9.5 13 0 0 7.3

AMA 112 4 3.6 223 11 4.9 4.5

ST 6 1 16.7 276 52 18.8 18.8

P-US 110 19 17.3 714 225 31.5 29.6

PBCR 53 34 64.2 48 25 52.1 58.4

Total 631 64 10.1 1822 321 17.6 15.7

Table 2b: The changes in the number and frequencies of the chromosome aberrations according to the referring 
indications from first to second periods of AC series.

AC Series
First period Second period

total rate %
∑n anomalies n anomalies % ∑n anomalies n anomalies %

NIR 267 1 0.4 358 5 1.4 1

LR 577 8 1.4 379 4 1.1 1.3

AMA 3891 93 2.4 6539 140 2.1 2.2

ST 2056 52 2.5 4693 136 2.9 2.8

P-US 536 55 10.3 3906 322 8.2 8.5

PBCR 43 26 60.5 93 50 53.8 55.9

Total 7370 235 3.2 15443 657 4.3 3.9
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Informed consent was obtained from each patient.

RESULTS

The annual changes in the percentage of the main indica-

tions were figured out for 23 years (Figure 1a-1b) in CVS 

and AC series. The cases with accompanying risk factors 

(AMA, ST) in P-US indication were shown independently 

in these figures to demonstrate the impact of US on AMA 

and ST groups.

Out of 2492 CVS, 2459 could be karyotyped (success rate 
98.7%) and of 23469 AC, 23395 (success rate 99.7%). A 
total of 25854 karyotypes were evaluated in this study. 
The maternal cell contamination (MCC) caused misdiag-
nosis in two cases of the earliest 500 LTCC of CV samples 
(0.8%).

A total of 1277 (385 in CVS and 892 in AC) chromosome 
aberrations were detected in this study. The overall rate 
of chromosome aberrations increased from 10.1% to 
17.6% in CVS and from 3.2% to 4.3% in AC (p<0.001 in 

Table 3a: The number and the rate of distinct chromosome aberrations detected in CVS series divided according to 
the referring indications.

Chromosome anomalies*
NIR LR AMA ST P-US PBCR

n % n % n % n % n % n %

45,X and variants n=42 1 2.4 0 - 1 2.4 4 9.5 36 85.7 0 -

PolysomyX/Y n=6 2 33.3 0 - 2 33.3 0 - 2 33.3 0 -

Trisomy 21 n=132 0 - 2 1.5 7 35.6 29 22 88 66.7 6a 4.5

Trisomy 18 n=61 0 - 0 - 1 1.6 4 66.7 55 90.2 1a 1.6

Trisomy 13 n=27 0 - 0 - 1 3.7 2 7.4 23 85.2 1 3.7

Uncommon trisomies n=20 2 10 1 5 1 5 8 40 8 40 0 -

Poliploidies n=20 0 - 0 - 0 - 2 10 17 85 1 5

Balanced structural n=51 5 9.8 1 2 2 3.9 1 2 7 13.2 35 68.6

Unbalanced structural n=26 0 - 0 - 0 - 3 11.5 8 30.8 15 57.7

Total n=385 10 2.6 4 1 15 3.9 53 13.8 244 63.4 59 15.3

*including translocations and mosaics
aTrisomy was detected additional to parental inherited balanced reciprocal translocation

Table 3b: The number and the rate of distinct chromosome aberrations detected in AC series divided according to 
the referring indication.

Chromosome anomalies*
NIR LR AMA ST P-US PBCR

n % n % n % n % n % n %

45,X and variants n=58 1 0.2 0 - 6b 0.3 18b 31 33 56.9 0 -

Polysomy X/Y n=68 0 - 0 - 32 47.1 18 26.5 18 26.5 0 -

Trisomy 21 n=339 0 - 5 1.5 82 24.2 78 23 173 51 1a 0.3

Trisomy 18 n=87 0 - 0 - 13a 14.9 7 8.1 66 75.9 1a 1.2

Trisomy 13 n=23 0 - 1 4.3 5 21.7 2 8.7 15 65.2 0 -

Uncommon trisomies n=20 0 - 0 - 5 25 4 20 11 55 0 -

Polyploidies n=17 0 - 0 - 1 5.9 1 5.9 15 88.2 0 -

Balanced structural n=218 5 2.3 6 2.8 74 33.9 47 21.6 22 10.9 64 29.4

Unbalanced structural n=62 0 0 - 15 24.2 13 21 24 38.7 10 16.1

Total n=892 6 0.7 12 1.4 233 26.1 188 21.2 377 42.3 76 8.5

*including translocations and mosaics
aTrisomy was detected additional to the parental inherited balanced reciprocal translocation 
bmosaic45,X/X structural anomalies
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both series) from the first to the second period. This rate 
was higher in CVS versus AC in all indication groups. The 
highest abnormality rate except for the PBCR group was 
found in P-US, followed by ST and AMA in both series 
(Table 2a-2b).

When the proportion of certain aberrations within the all 
chromosome aberrations was compared between two 
periods, an increase of T21, T18, T13 and uncommon 
autosomal trisomies in CVS and of T21, T13 and 45,X in 
AC was observed in the second period (Figures 2a-2b). 
Most frequently detected aneuploidies were T21 and T18 
in both series, followed by 45,X in CVS and by polysomy 
X/Y in AC (Figures 2a-2b).

Out of 51 balanced structural rearrangements detected 
in CVS series and of 218 detected in AC series, 68.6% and 
29.4% of cases, respectively, were found in PBCR group 

(Table 3a-3b). Out of 26 unbalanced rearrangements 
in CVS and of 62 in AC, 57.7% and 16.1% of cases was 
diagnosed in PBCR group (Table 3a-3b). The remaining 
chromosomal rearrangements diagnosed due to the in-
dications rather than PBCR indication provided the iden-
tification of 138 new families with balanced chromosomal 
rearrangements. The mode of inheritance has remained 
unknown in ten cases and de novo occurrence has been 
shown in 18 cases of CVS (0.7%) and 67 cases of AC (0.3%), 
which were mostly unbalanced rearrangements (15/18 in 
CVS and 39/67 in AC). Except for the PBCR group, the 
frequency of the balanced rearrangements were 0.6% in 
CVS and 0.7% in AC and of unbalanced rearrangements 
0.5% in CVS and in 0.2% AC (overall frequencies were 
1.1% in CVS and 0.9% in AC).

Discrepant karyotypes between DP and LTCC of CVS and 
AC were observed in 43 cases (1.7%). Four cases were 

Figure 1a: Trends in CVS series during 23 years; annual pro-
portion of the indications.

Figure 1b: Trends in AC series during 23 years; annual pro-
portion of the indications.

Figure 2a: The proportion of certain chromosome aberra-
tions within the all aberrations compared between the peri-
ods of CVS series.

Figure 2b: The proportion of the certain chromosome ab-
errations within the all aberrations compared between the 
periods of AC series.
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classified as “hidden true mosaicism” (0.16%), because 
the both techniques of CVS revealed a nonmosaic tri-
somy (three T16 and one T13), but AF-LTCC karyotypes 
were normal. Further I-FISH investigation in AF cells indi-
cated mosaicism in two cases. Mosaicism was observed 
in 39 CVS (1.59%), of which 22 were “true mosaics” (0.9%) 
and three were “possible true mosaics” (0.12%). In 14 
cases, DP revealed normal karyotype, while LTCC of CV 
a chromosome aberration, which were interpreted as 
“false negative DP-CPM” (0.57%). Involved anomalies 
were 45,X, T9, T16, T21, structural rearrangements (each 
twice), polyploidy, T7, T8, T10 (each once). In one case, 
DP and LTCC showed discrepant findings (false negative 
and false positive DP concurrently) and in another case 

presented with pathological US, the anomaly observed 
in DP (T22) could not be found in LTCC, which was in-
terpreted as CPM with false negative LTCC. Three of the 
false positive-CPMs were additional to the nonmosaic tri-
somies (two T18 and one T21).

US findings (at least one minor or major anomaly) were 
present in about 67% of T21s, 90% of T18s, 85% of T13s, 
86% of 45,X, 85% of polyploidies, 40% of uncommon triso-
mies in CVS, which were about 51%, 76%, 65%, 57%, 88%, 
55% in AC series, respectively (derived from Tables 3a-3b). 

Common aneuploidies including mosaics (T21 and T13 
including translocations, T18, 45,X and polysomy X/Y) 

Table 4a: The risk estimation for the common aneuploidies, for other unbalanced chromosomal aberrations associated 
with affected phenotype and for balanced rearrangements possibly associated with normal phenotype in CVS series 
in the main indications.

CVS
Indication

Total
chromosome
aberrations

T21, 18, 13, 45,X 
and X/Y

polysomies

Other chromosome aberrations

Uncommon trisomies, 
poliploidies, unbalanced 

rearrangements

Balanced
rearrangements

Total risk

∑n n % n % risk n % risk n % risk ∑n % risk

NIR n=841 10 1.2 3 0.4 1:250 2 0.2 1:500 5 0.6 1:167 7 0.8 1:125

LR n=55 4 7.3 2 3.6 1:28 1 1.8 1:56 1 1.8 1:56 2 3.6 1:28

AMA n=335 15 4.5 12 3.6 1:28 1 0.3 1:333 2 0.6 1:167 3 0.9 1:111

ST n=282 53 18.8 39 13.8 1:7 13 4.6 1:22 1 0.4 1:250 14 5 1:20

P-US n=824 244 29.6 204 24.8 1:4 33 4 1:25 7 0.9 1:111 40 4.9 1:20

PBCR n=101 59 58.4 8 7.9 1:13 16 15.8 1:6 35 34.7 1:3 51 50.5 1:2

Total n=2453 385 15.7 260 10.6 50 2 16 0.7 66 2.7

Table 4b: The risk estimation for the common aneuploidies, for other unbalanced chromosomal aberrations associated 
with affected phenotype and for balanced rearrangements possibly associated with normal phenotype in AC series in 
the main indications

AC
Indication

Total
chromosome
aberrations 

T21, 18, 13, 45,X 
and X/Y

polysomies

Other chromosome aberrations

Uncommon trisomies, 
poliploidies, unbalanced 

rearrangements

Balanced 
rearrangements

Total risk

∑n n % n % risk n % risk n % risk ∑n % risk

NIR n=25 6 24 1 4 1:25 - - - 5 205 1:5 5 20 1:5

LR n=86 12 14 6 7 1:14 - - - 6 7 1:14 6 7 1:14

AMA n=10430 233 2.2 138 1.3 1:77 21 0.2 1:500 74 0.7 1:143 95 0.91 1:111

ST n=6749 188 2.8 123 1.8 1:56 18 0.3 1:368 47 0.7 1:143 65 1 1:100

P-US n=4442 377 8.5 305 6.9 1:15 50 1.1 1:91 22 0.5 1:188 72 1.6 1:63

PBCR n=136 76 55.9 2 1.5 1:67 10 7.4 1:14 64 47.1 1:2 74 54.4 1:2

Total n=23813 92 3.8 575 2.4 117 0.5 158 0.7 293 1.2
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summed up to 69.6% of all chromosome aberrations 
identified in CVS and 65.1% in AC series (derived from 
Figures 2a-2b). According to the indications, this percent-
age was about 30% in NIR, 50% in LR, 80% in AMA, 74% 
in ST and 84% in P-US in CVS, and 17%, 50%, 59%, 65% 
and 81% in AC, respectively (derived from Table 3a-3b). 
Remaining anomalies were grouped as; uncommon chro-
mosome aberrations associated with abnormal pheno-
type and anomalies with possibly normal phenotype and 
the risks for these three groups of aberrations were calcu-
lated for the main indications (Table 4a-4b). The highest 
risk for common aneuploidies was in P-US (1:4 in CVS and 
1:15 in AC) followed by ST and AMA indications in both 
series. The risk for uncommon chromosome aberrations 
associated with an abnormal phenotype, except PBCR 
indication was in ST indication of CVS (1:22) and in P-US 
(1:91) in AC series (Table 4a-4b).

DISCUSSION

Trends in indications and invasive procedures
The aim of the non-invasive STs is; 1) to assess more pre-
cisely risks of having a fetus with T21, T18 and T13, 2) 
to screen all pregnancies, including younger mothers, 3) 
to reduce the number of invasive procedures in normal 
pregnancies, 4) to diagnose more chromosome aberra-
tions prenatally. Comprehensive studies from countries 
with well organized prenatal health care systems with 
national approved screening policies, demonstrated that 
the MS-ST and US screening changed the referral indi-
cations for IPD (14-16). All these reports pointed out to a 
clear decrease in AMA indication alone, but an increase 
in MS-ST and P-US indications and despite a decreased 
number of procedures, more chromosomal aberrations 
were diagnosed.

We retrospectively analyzed our data obtained from CVS 
and AC series, and compared the results according to two 
periods (see Material and Methods) to determine the im-
pact of the MS-STs and fetal US examination on the IPD, 
and on the frequency and the type of the chromosome 
aberrations. Although there is no national screening pol-
icy in Turkey, our results demonstrate the tremendous 
impact of MS-STs and US on our cohort. Our policy was 
to offer CVS as an alternative to women having a risk of 
>5%. Since the high-risk families, like those at risk for 
MD and PBCR, were followed in our polyclinic and coun-
seled about the facility of PD, they had the opportunity 
to choose CVS. The steady increase in the percentage of 
these indications in the 1990s could be explained by this 
policy. This percentage dropped back in the 2000s (Fig-
ure 1a), since relatively more CVS were performed due to 
the first trimester-ST and P-US indications. Parallel to the 
decrease of AMA, the increase of ST following the intro-
duction of TT up until 1990 in AC (Figure 1b), and the in-
troduction of first trimester-ST up until 2000 in CVS (Figure 

1a) underlined the impact of STs on the families’ decision 
on IPD. The increased percentage of cases having P-US 
findings (mostly soft markers) additional to AMA and/or 
ST indication demonstrated clearly the impact of US on 
IPD, even in PBCR indication (Figure 1a and 1b), since 
these families opted for AC in the 2000s especially, when 
US was normal. Pregnancies of the women with advanced 
age were monitored more closely and when first trimes-
ter-ST was positive, CVS; otherwise AC was a good choice 
for those women or IPD could be disapproved. Although 
ST became the most common indication for IPD in some 
countries, in our cohort, P-US in CVS and AMA in AC was 
the most common referral indication still in 2011 (14-16).

Cytogenetic results
As expected, the overall rate of chromosome aberrations 
in CVS was higher than in AC and also increased in the 
second period of both series (from 10.1% to 17.6% in CVS 
and from 3.2% to 4.3% in AC), which based on the facts 
that 1) first-trimester CVS can detect chromosome aber-
rations, which could not survive to the second-trimester 
of the pregnancy, 2) first-trimester US findings like cystic 
hygroma and other major malformations are closely re-
lated to severe/lethal chromosome aberrations, 3) the 
higher sensitivity of the first-trimester ST compared to 
TT, 4) through the wide usage of STs and US, pregnancies 
having higher risk than the others are selected for IPD, 5) 
FISH for the detection of microdeletions could be applied 
in presence of specific US findings, 6) presence of CPM, 7) 
CVS was offered and preferred by PBCR group having the 
highest risk for chromosome aberration. It is well known 
that some of the unbalanced products of the parental re-
arrangements can not survive to the second trimester of 
pregnancy. The ratio of balanced to unbalanced products 
in PBCR indication in CVS (35:21) versus in AC (64:11) ob-
served in our study supported this explanation.

The unexpected high rates (1.2% in CVS and 1% in AC) 
of chromosome aberrations in the NIR group support the 
importance of fetal karyotyping in all prenatal samples, 
whatever the primary indication is for invasive procedure 
(Table 2a-2b). An interesting observation in the PBCR 
group was the high rate (1.69%) of trisomies (twice T18 
and each once T21 and T22) of younger mothers (except 
one T18) and of paternal translocations. Three reports 
described the increased prevalence of T21 and T18 chil-
dren, whose parents were translocation carriers, which 
was explained by the term of “interchromosomal effect” 
(ICE) (17, 18). Schinzel et al. (1992) showed in seven T21 
cases of translocation carriers (two mat and five pat), that 
all extra chromosomes were maternally inherited, which 
was against the former hypothesis (19). Some reports in 
sperm cells of translocation carriers indicated the high 
frequency of disomy, however more studies are needed 
to clarify the effect of ICE on aneuploidies (20, 21).
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Fetal US represents the most powerful and safe screen-
ing tool for chromosome aberrations. It is suggested 
that >95% of all major chromosomal anomalies can be 
diagnosed in the first trimester of pregnancy, when US 
screening and MS-STs are applied in combination (8). 
Aneuploidy prevalence ranges from 1% to over 80% with 
different US anomalies (22). As expected, P-US indica-
tion has the highest detection rate for chromosome ab-
erration, except PBCR indication, which varies between 
6-20% according to the selection criteria and used tech-
nique (overall frequency 29.6% in CVS and 8.5% in AC 
in this study). We observed that this frequency increased 
from the first to the second period (from 17.3% to 31.5%) 
in CVS, but slightly decreased in AC (from 10.3% to 8.2%). 
This result could be explained by the advanced experi-
ences in US and our clinical strategy. Advanced experi-
ences in US allowed us to detect more specific abnor-
malities (NT, nasal bone, etc.) associated with certain 
trisomies in the first trimester and also to offer CVS, which 
caused a selection of pregnancies having higher risk than 
the others for CVS in our cohort. US was more effective in 
the diagnosis of T18, T13 and 45,X, than for T21 and it is 
important to note that US can be normal in about 1/3 of 
the first and 1/2 of the second trimester of the pregnan-
cies with T21 (derived from Table 3a-3b), which should be 
shared in the genetic counseling. 

Higher rate of chromosome aberration in ST indication of 
CVS than AC and in the second period of both series than 
in the first period (Table 2a-2b) shows clearly, that the first 
trimester-ST is more sensitive than TT for chromosome 
aberrations, since CVS was most frequently performed 
procedure in pregnancies with positive first trimester-ST. 
STs are focused on T21 lesser, T18 and T13, but it seems 
to be sensitive for uncommon trisomies, 45,X and unbal-
anced rearrangements, too (Table 3a-3b).

The frequency of the chromosomal rearrangements in-
creased from 0.26% to 0.58% by using a/the banding 
technique at a 400-500 band level. This frequency was 
0.4% in the pioneer study and recent studies revealed a 
range between 0.53%-1.2% according to the patient se-
lection criteria (including or excluding PBCR and P-US 
indication) (3, 23). The frequency of balanced rearrange-
ments (0.6% in CVS; 0.7% in AC) was in agreement with 
the literature (0.35%; 0.82%), while the frequency of un-
balanced rearrangements in CVS (0.5%) and in AC series 
(0.2%) was higher compared to the prevalence in new-
borns (0.2%) and previous prenatal reports (0.18%-0.38%) 
(23-25). The overall frequency of chromosomal rearrange-
ments excluding PBCR group (1.1% in CVS and 0.9% in 
AC) and of de novo rearrangements in this study was 
also higher (0.7% in CVS and 0.3% in AC) than of the pi-
oneer study (3), which could be explained by the includ-
ing of the microdeletions diagnosed by FISH applied in 
the presence of specific US findings, CPMs and the lack 

of parental karyotyping in cases with poor obstetric his-
tory and IVF/ICSI pregnancies prior to PD in our cohort. 
During this study, 138 new families carrier of chromosomal 
rearrangements were disclosed following the detection of 
fetal chromosomal rearrangements, which allowed us to 
counsel more precisely for ongoing pregnancies and also 
to guide for the management of future pregnancies and 
to determine the consequences of other family members. 

CV tissue is still embracing the problems of MCC and 
mosaicism. MCC poses a greater risk in LTCC than in 
DP. Removal of the decidual tissue from the CV sample 
is essential to overcome the MCC problem. Until suffi-
cient experience has been gained, exclusion of the MCC 
by using chromosomal fluorescence polymorphisms is 
recommended (26). Chromosomal mosaicism is seen in 
1-2% of CV samples (27, 28). Only about 10% of these 
mosaics are found in the fetus (29). Approximately 16 to 
21% of pregnancies with CPM involving T2, T7, T8, T9, 
T16 and T22, is associated with IUGR, fetal loss, poor 
perinatal outcome, which has been explained by placen-
tal malfunction due to the high percentage of abnormal 
cells, hidden fetal mosaicism or uniparental disomy (UPD) 
(30-33). When a mosaic chromosomal anomaly is found in 
CVS, detailed US should be performed; when US is un-
eventful, AC should be offered to avoid the false positive 
diagnosis, especially in T16, T13, T22 cases and further 
cytogenetic investigations in fetal tissues using differ-
ent techniques are strongly recommended before the 
pregnancy is terminated (34). Due to the non-adequate 
follow up, false positive CVS results can lead to termina-
tion of the normal fetuses, however false negatives can 
cause the birth of an affected child. The previous reports 
indicated that the false negative results can be reduced 
to 0.03-0.08%, when both DP and LTCC techniques are 
applied concurrently in CVS, otherwise it increases up 
to, when only DP is used (35). Our false negative findings 
(0.49%) were also limited to the DP. I-FISH application in 
uncultured AF cells was very effective to enlighten the 
low level mosaics in cases with normal karyotypes accord-
ing to our experience. There are case reports describing 
discordant results with false negative QF-PCR in common 
trisomies. In a large study with 22 825 CVS, this discrep-
ancy was 0.2% and explained by CPM (35). False negative 
and positive-CPM could be a serious potential source of 
error in NIPD using cf-DNA technique.

We reviewed our data, assuming that the hypothetical 
detection rate of cf-DNA test for common aneuploidies 
including mosaics 100%, to determine the risk for anoma-
lies rather than common aneuploidies, which is important 
in pre-counselling for NIPD versus IPD. This risk was 1:111 
in both series in AMA indication. With respect to the phe-
notypic effect of these anomalies; the risk for anomalies 
associated with abnormal phenotype was higher (1:333) 
in CVS than AC (1:500) (Table 5a-5b). 
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We agree with Collins and Impey emphasizing that “All 
screening and diagnostic methods have their own specif-
ic risks and benefits. It is vital that adequate time and im-
portance is given to exploring the parents’ understand-
ing and expectations before any test is embarked on, no 
matter how ‘safe’ it is perceived to be” (36).

Our study, based on the results of the largest CVS and 
AC series in Turkey, shows how STs and US strongly influ-
enced the clinical and cytogenetic results in IPD (37-39). 
We believe that abnormality rates detected in different 
indication groups in this study could be considered as 
the baseline risks in genetic counseling for certain indi-
cations in NIPD.
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