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During the past 20 years non-invasive screening tests have been

increasingly utilized in prenatal diagnosis (PD) practice. Con-

siderable effort has been exerted by multicenter consortia to

evaluate the reliability of non-invasive screening tests in detect-

ing those women with an increased risk of having a pregnancy

affected by trisomies 21, 18, and 13, monosomy X, and triploi-

dies. To what extent this group of abnormal karyotypes accounts

for the total number of phenotypically relevant fetal chromo-

some abnormalities has, however, never been investigated. The

present report is an attempt aimed to quantify this proportion. A

retrospective analysis of a homogeneous survey of 115,128 con-

secutive invasive prenatal tests was undertaken. All cases were

classified in accordance with the indication given for the invasive

testing. Cytogenetic results regarding 96,416 karyotype analyses

performed because of advanced maternal age (�35 years) or

gestational anxiety (<35 years) were considered since these are

the patients who usually undergo non-invasive screening tests.

We calculated the number of cases (T21, T18, T13, 45,X, and

triploidy) that would have been detected by prenatal screening

on the basis of the published detection rate of the combined-2 test

or the quadruple test. Our findings indicate that the chromo-

somal abnormalities investigated by screening tests represent

<50% of the fetal chromosomal abnormalities associated with an

abnormal outcome ranging from intermediate-to-severe in

women <35 years (45.8% and 39.6% in the first and second

trimesters, respectively), and sensitivity >50% in women

�35 years (65.1% and 61.8%, respectively). To conclude,

approximately 50% of the phenotypically relevant abnormal

karyotypes cannot be detected by non-invasive prenatal screen-

ing tests. � 2010 Wiley-Liss, Inc.

Key words: amniocentesis; chorionic villous sampling; prenatal

screening

INTRODUCTION

During the past 20 years screening tests have been increasingly

utilized in prenatal diagnosis (PD) practice. Identifying the corre-

lation between maternal serum markers combined with or without

the nuchal translucency measurement has provided a complex

multiple screening tool to single out women with an increased risk

of having a pregnancy affected by a chromosomal abnormality

[Saller and Canick, 2008].

Considerable efforts have been expended by different research

consortia to evaluate the reliability of screening tests in detecting

fetal chromosomal abnormalities. These are based on important
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investigations including the First and Second Trimester Evaluation

of Risk (FASTER) Study carried out in the United States and the

Serum Urine Ultrasound Study (SURUSS) done in the UK; other

studies are the NIH-funded Blood Ultrasound Nuchal Study

(BUN) and the One-Stop Clinic to Assess Risk (OSCAR) Study

[Spencer et al., 2003; Wald et al., 2003; Wapner et al., 2003; Ball et al.,

2007; Breathnach et al., 2007].

The major chromosomal abnormality investigated by screen-

ing tests is trisomy 21 (T21); in this case the SURUSS and

FASTER reported detection rates (dr) ranging from 82% to 85%

using the combined-2 test (maternal ageþmeasurements of

nuchal translucency, free b-hCG and PAPP-A) and from 81%

to 83% using the quadruple test (maternal ageþmeasurements

of AFP, free b-hCG, uE3, and inhibin-A) with a 5% false-positive

rate (fpr).

Pregnancies affected by trisomy 18 (T18) have a specifically low-

level analyte pattern, enabling a detection rate of 100% (fpr¼ 0.3%)

with a quadruple test and 82% (fpr¼ 6%) using the combined-2 in

the first trimester [Canick et al., 1990; Breathnach et al., 2007]. Even

if T18 does not meet the criteria for an effective screening test

because of its low frequency and high mortality rate, using the same

markers with an alternative algorithm makes it highly cost effective

and safe.

In order to evaluate if the screening algorithms targeted for T21

and T18 could be adopted to detect other aneuploidies and poly-

ploidies, the FASTER trial was performed for trisomy 13 (T13),

monosomy X (45,X), and triploidy (69 chromosomes) [Breathnach

et al., 2007]. A 76% cumulative detection rate (fpr¼ 6%) using the

combined-2 test and a 44% detection rate (fpr¼ 8.9%) applying

the quadruple screening was reported.

The SURUSS and FASTER trials were exhaustive, detailed

studies aiming to determine the actual reliability of various

options offered by different combinations of the screening tests

that are available. How many unbalances out of the total number

of phenotypically relevant fetal chromosome abnormalities that

are detectable by prenatal screening has, however, never been

evaluated. The present report, designed around data collected

over 14 years of clinical practice in fetal karyotyping, aimed to

quantify the proportion of chromosome changes associated with

clinically abnormal phenotypes, ranging from moderate to

severe [Drugan et al., 1990; Evans et al., 1996; Clementi et al.,

2006; Wallerstein et al., 2006] that were undetected by prenatal

screening tests.

MATERIALS AND METHODS

Sample Collection, Procedures, and Cytogenetic
Analysis
During the 14-year collection period, our laboratory (TOMA

Advanced Biomedical Assays S.p.A.) processed 115,128 invasive

PD samples: 30,658 of these were chorionic villous samples (CVS)

and 84,470 were amniotic fluid samples (AFS). Each prenatal

sample arrived no later that 24 hr after it was taken at one of

the 85 public and private PD centers located in Northern Italy,

representing about 8–10% of all Italian prenatal centers, and

providing a homogeneous population of women receiving qualita-

tively medium-to-high medical care. Each sample was accompa-

nied by requisition forms, including a concise and complete

description of the fetal phenotypic features at ultrasound and the

indication for PD that, in all cases, was ascertained by the physician

who performed the invasive procedure.

All of the samples underwent similar procedures using homo-

geneous evaluation criteria. A total of at least 30 metaphases

were analyzed for each CVS, combining the semi-direct method

and long-term culture preparations. A condition of CV mosaicism

was defined as the presence of at least two cells showing the same

chromosomal alteration (trisomy or a structural rearrangement) or

at least three cells in the case of a monosomy. Whenever there were

CV mosaicisms, a subsequent amniocentesis was performed for

confirmation.

Amniocytes karyotyping was performed by analyzing at least 15

metaphases from a minimum of 10 colonies taken from more than

one culture. True fetal mosaicism (TFM) was defined as the

presence of the same abnormality previously observed in a CVS

or after an identical chromosome change in cells from one or more

colonies from a minimum of two different culture vessels was

found.

Data Collection and Analysis
Information concerning each case (maternal age, indication for PD,

gestational age in weeks (gw) at the invasive sampling, and the fetal

karyotype) were collected in an in-house database. All cases con-

sidered by our survey were classified according to the indication for

invasive PD provided by the obstetrician (Table I): fetal US abnor-

mality (n¼ 4,723), previous affected fetus/child (n¼ 1,869), bal-

anced chromosomal abnormality in one of the parents (n¼ 420),

supernumerary marker or chromosome mosaic in one of the

parents (n¼ 58), increased risk for a chromosomal abnormality

after the screening test (n¼ 8,470), confirmatory amniocentesis

after CV mosaicism (n¼ 692), one or more spontaneous abortions

(n¼ 233), chromosomal abnormality in a relative (n¼ 1,190),

and miscellaneous reasons including a suspected infection during

pregnancy, a high risk for a fetal monogenic disease, that is,

hemophilia, fragile X, and thalassemia, or exposure of one of the

parents to mutagenic agents (n¼ 1,057). The remaining and more

consistent two groups included pregnant women who decided to

undergo invasive PD because of advanced maternal age (�35 years;

n¼ 68,489) or anxiety (<35 years; n¼ 27,927). The principle aim

focused on the last two groups of women (hereafter referred to as

�35 and <35 years) as they are the patients who normally undergo

non-invasive screening tests. In this study the traditional division

between women younger or older than 35 was maintained because it

is a widely accepted custom in most countries outside of the United

States and for historical reasons. It is not recommended by the

American College of Obstetricians and Gynecologists (ACOG) and

the American College of Medical Genetics (ACMG) and is under

discussion in some European countries.

The abnormal karyotypes found in this study were the

following:

(a) trisomies 21 (T21), 18 (T18), and 13 (T13);

(b) monosomy X (45,X);
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(c) triploidies (69,XXX/XXY/XYY);

(d) autosomal aneuploidies other than T21, T18, and T13 (i.e.,

T9, T22, and double aneuploidies such as 48,þ18,þ21;

48,XXY,þ21; 46,X,þ13);

(e) complex unbalanced karyotypes;

(f) de novo non-satellited and satellited supernumerary markers

(SMCs) containing euchromatic material proven by FISH

(47,þmar);

(g) unbalanced structural rearrangements;

(h) TFM involving autosome aneuploidy or a 45,X cell line (in

CVS were included cases with a 45,X cell line >30% at the

confirmatory amniocentesis);

(i) de novo inversions;

(j) de novo apparently balanced reciprocal translocations;

(k) mos46/45,X (in CVS were included both 46,XX and 46,XY

cases with a 45,X cell <30% at the confirmatory

amniocentesis);

(l) de novo and familial Roberstonian translocations;

(m) inherited inversions;

(n) inherited or de novo satellited SMCs without euchromatic

material;

(o) apparently balanced reciprocal translocations inherited from

a normal parent;

(p) homogeneous and mosaic sex chromosome anomalies other

than 45,X or mos46/45,X (i.e., 47,XXX, 47,XXY, 47,XYY, and

X–Y dicentric chromosomes).

All the chromosomal abnormalities (a–p) were divided into

three main groups based on their phenotypic effects affecting the

decision of pregnancy termination in agreement with previous

criteria reported by Drugan et al. [1990], Evans et al. [1996],

Clementi et al. [2006], and Wallerstein et al. [2006]:

(i) Group A (high risk [HR]): Unbalanced karyotypes associated

with a high risk or with a relevant fetal abnormal phenotype

(a–h).

(ii) Group B (intermediate risk [IR]): Chromosomal abnormali-

ties associated with an intermediate risk or clinical phenotype

(i–k).

(iii) Group C (low risk [LR]): Abnormal karyotypes without or

with a minor phenotypic effect or associated with negligible

risk of an abnormal fetal phenotype (l–p).

To define the proportion of fetal chromosomal abnormalities

with a significant phenotypic effect that go undetected by prenatal

screening, only the high-risk and intermediate risk abnormal

karyotypes were taken into account with the exclusion of the low

-risk abnormal ones. Genotypic imbalances are implicated in the

natural selective elimination of the genetically abnormal concep-

tuses [Semprini and Simoni, 2000]. The type and the frequency of

chromosome abnormalities in the first trimester are consequently

somewhat different from those of the second trimester. This is the

biological explanation for which we reported fetal karyotyping

results in a separate way for the first and the second trimester. The

SURUSS and FASTER studies were used as sources for detection

rate values of the screening tests: in the first trimester, the best

detection rate with combined-2 were 85% for T21, 82% for T18, and

76% for T13, 45,X, and triploidy together (hereafter referred to as

other aneuploidies [OA]) [Ball et al., 2007; Breathnach et al., 2007].

In the second trimester, the quadruple test reached the highest

detection rate for T21 (83%) [Wald et al., 2003]; T18 had a detection

rate of 100%; and the OA detection rate was 44% [Ball et al., 2007;

Breathnach et al., 2007]. The cumulative amount of fetal chromo-

somal abnormalities with a significant phenotypic effect that might

be identified by prenatal screenings (S detectable) was calculated

subtracting the portion that would be undetected due to the specific

detection rate of the screening test (false negatives) from the

observed amounts of T21, T18, and OA (S observed). This

value was then compared to the total phenotypically relevant

chromosomal abnormalities. The following formulas were applied,

depending on the trimester:
X

detectable ðcomb2Þ

¼

½ðno: T21obs:�85=100Þþðno:T18obs:�82=100Þ
þðno: OA obs:�76=100Þ�
no: total abnormal cases

8>><
>>:

9>>=
>>;
�100

X
detectable ðquadÞ

¼

½ðno: T21obs:�83=100Þþðno:T18obs:�100=100Þ
þðno: OA obs:� 44=100Þ�

no: total abnormal cases

8>><
>>:

9>>=
>>;
�100

in which: comb2 and quad¼ combined-2 and quadruple tests; no.

T21/T18/OA obs.¼ number of T21/T18/OA cases observed in the

survey; no. total abnormal cases¼ total cases with an abnormal

karyotypes observed (depending on which chromosomal abnor-

malities are considered to be associated with a significant pheno-

typic effect).

RESULTS

The incidence of HRþ IR abnormal karyotypes in the survey was

4.23% (1,297/30,658) in CVS and 1.59% (1,344/84,470) in AFS

(Table I). Pregnancies with the highest percentages of HRþ IR

chromosome changes were those with a fetal US abnormality

(27.87% on CVS and 11.46% on AFS), one or more spontaneous

abortions (18.60% on CVS and 3.16% on AFS), a balanced

chromosomal abnormality in one of the parents (11.28% on

CVS and 0.89% on AFS), an increased risk on a screening test

(7.61% on CVS and 2.28% on AFS) and a supernumerary

marker or mosaic in one of the parents (4.35% on CVS and

2.86% on AFS; Table I).

Focusing on women �35 years (advanced maternal age; n¼
68,489) and <35 years (gestational anxiety; n¼ 27,927), we found

that the incidences of HRþ IR karyotypes were 2.42% and 1.22% in

CVS and 1.42% and 0.61% in AFS, respectively. As expected, T21

was the most common chromosomal abnormality, appearing at

a higher frequency in older pregnant women. The incidence was

1:270 (20/5,400) in<35 years and 1:75 (274/20,502) in�35 years in

CVS and 1:425 (53/22,527) in <35 years and 1:120 (399/47,987) in

�35 years in AFS. The distributions at different maternal ages (	29,

30, 31,. . .,37, and �38 years) in CVS and AFS, together with the
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expected distributions [Snijders et al., 1999], are depicted in

Figure 1. In the second trimester, in women 	29 years, there was

an incidence of 1:766 that progressively increased to 1:678 in those

30 years of age and to 1:332 in women 33 years of age. In older

pregnant women, it increased from 1:258 at 34 years to 1:75 in

�38 years. CVS data were discontinuous since the number of

samples analyzed in each age group was smaller than that in the

AFS ones. Nevertheless, T21 appeared more frequently in the first

trimester in each age group than it does in the second trimester.

Abnormal karyotypes with a phenotypic effect from moderate

to severe (HRþ IR) in CVS were 562: 66 in <35 years and 497 in

�35 years (Table II); the S observed amount of T21, T18, and OA

accounted for 56.06% (37/66) and 78.02% (387/496), respectively

(Table III). The HRþ IR karyotypes in AFS were 819 (137 in

<35 years and 682 in �35 years; Table II) and the S observed were

51.09% (70/137) and 74.93% (511/682), respectively (Table III).

The S detectable calculated values are reported in Table III: 45.79%

in<35 years and 65.10% in�35 years in CVS; 39.61% in<35 years

and 61.78% in �35 years in AFS.

DISCUSSION

Prenatal screening tests are useful tools for identifying pregnant

women with an increased risk for fetal chromosomal abnormality.

Considerable effort has been expended by multicenter consortia to

calculate the reliability of prenatal screening tests in detecting

pregnancies affected by trisomies 21, 18, and 13, monosomy X,

and triploidies [Spencer et al., 2003; Wald et al., 2003; Wapner et al.,

2003; Ball et al., 2007; Breathnach et al., 2007]. There are little data,

however, indicating what percentage these unbalances represent

out of the total number of phenotypically relevant fetal chromo-

somal abnormalities. The present study, based on the data of a single

center survey analyzing a total of 115,128 invasive PD samples,

aimed to quantify the portion of fetal chromosomal abnormalities

associated with a high-intermediate risk of an abnormal outcome

that are undetected by prenatal screening tests.

We initiated our studies making two assumptions: (i) chromo-

somal abnormalities without risk or with a negligible risk of an

abnormal fetal outcome (LR) would not be considered; (ii) only

pregnant women with advanced maternal age (�35 years) or

gestational anxiety (<35 years) as the sole indications for invasive

testing would be taken into consideration for our analysis since they

are the usual patients for non-invasive screening tests. As a result

only 96,416 out of the 115,128 cases surveyed were considered

(68,489 of �35 years and 27,927 of <35 years), and the abnormal

karyotypes included were those of the HR (a–h) and IR (i–k) groups

[Drugan et al., 1990; Evans et al., 1996; Clementi et al., 2006;

Wallerstein et al., 2006].

This study reflects 14 years of karyotyping practice in a PD

laboratory receiving samples from a number of medical centers. The

main weaknesses are that it was not a population study since it was

based on a survey of pregnancies with an increased risk of fetal

chromosomal abnormalities. In addition, the indications for inva-

sive PD outlined in the requisition forms were determined exclu-

sively by the obstetrician and never verified by us even if there

is a direct contact between the two services. Finally, it should

be remembered that the indications for prenatal testing, the
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techniques utilized, and antenatal medical knowledge in general

have rapidly progressed over this time span.

The study’s strengths were the large number of the samples

analyzed and, being a single center survey, the standardization of

protocols and methods. In addition, the results from such a wide

number of samples arriving from a large number of medical centers

lessened parameter bias (i.e., misinterpretation of the indication for

invasive PD).

In this study, the traditional division between women younger

and older than 35 was maintained since it is a widely accepted

custom in most countries. In both age groups the detected incidence

of T21 was slightly higher than expected, and more so in the younger

women in whom a 1:425 in AFS instead of 1:662–1:700

(14th–16th wg) was found [Snijders et al., 1999]. These data might

be explained if the prevalence at different maternal ages is investi-

gated. A trend with a substantial progressive increase of the inci-

dence of T21 can be observed starting from 1:776 in 	29 years to

1:75 in �38 years. This distribution indicates that T21 is more

frequent than expected at each maternal age. Interestingly, in

women 33 and 34 years of age, there were frequencies of 1:332

and 1:258, respectively, which are values that might have contrib-

uted to the unexpected higher incidence of T21 in the group of

pregnant women <35 years. This bias might reflect the absence of

a standardized Italian policy and of a commonly accepted rule

regarding the interpretation of the maternal cut-off age defining the

increased risk of an unbalanced fetal chromosome pattern. Our

findings indicate that the maternal cut-off point beginning with

which there is an increased risk of having T21 fetus was 34 years

at the time of conception (1:258). In addition, our data are in

agreement with those of previous studies demonstrating that serum

testing has a lower detection rate in younger women and that

maternal age influences the detection rates of serum screening in

both trimesters [Reynolds et al., 1993; Spencer, 2001].

Since the reliability of prenatal screening is generally not

100% and they investigate only a limited group of relevant un-

balances, in the first trimester the S detectable amount of unbal-

ances associated with a intermediate-to-severe abnormal outcome

accounts for 45.8% in<35 years and 65.1% in�35 years of the total

HRþ IR. In the second trimester, these percentages decreased to

39.6% and 61.8%, respectively. These results indicate that if only

FIG. 1. Incidence of trisomy 21 (T21) according to maternal and gestational ages in pregnant women with advanced maternal age (�35 years) and

gestational anxiety (<35 years) as the sole indications for invasive prenatal diagnosis. The distribution of the incidence of T21 observed at different

maternal ages (	29, 30, 31,. . .,37, and �38 years) on CVS and AFS, together with the expected distribution according to Snijders et al. [1999], is

depicted.
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prenatal screenings are utilized, on average about 50% of the total

significant fetal chromosomal abnormalities would go undetected

(Fig. 2). This portion includes not only T21, T18, and T13, 45,X, and

triploidies that are missed by screening tests due to their sensitivity

(false negatives) but also the chromosomal abnormalities that

cannot be identified by the screenings.

The risk of an abnormal pregnancy outcome (mental retardation

and/or congenital anomalies) after prenatal detection of an appar-

ently balanced de novo rearrangement is 6.1–8.9% for reciprocal

non-Robertsonian translocations and 9.4–12.1% for inversions

[Warburton, 1991]. Based on these data, the balanced de novo

reciprocal translocation has a pathologic outcome only in a rela-

tively small number of cases. Hence, a re-evaluation of the S
detectable percentage could be carried out considering this rear-

rangement as belonging to the LR group (48.74% in <35 years and

67.00% in �35 years in the first trimester; 41.43% in <35 years and

63.45% in �35 years in the second trimester; Table III). The recent

application of the array comparative genomic hybridization in cases

with de novo reciprocal translocations, considered balanced by

conventional cytogenetics, displayed a cryptic deletion either at one

of the breakpoints or elsewhere [De Gregori et al., 2007] and

provide the biological explanation of the previously estimated risk

of 8% of an abnormal pregnancy outcome [Warburton, 1991]. On

this basis, we suggest that de novo reciprocal translocations should

be included in the group of significant chromosomal abnormalities.

In contrast to the apparently balanced de novo reciprocal trans-

locations, although the severity and consequences are unpredict-

able with any certainty, prenatal detection of a TFM is generally

associated with a HR of an abnormal phenotype that varies depend-

ing on the chromosome involved and on the percentage and

localization of the abnormal cells [Hsu et al., 1997; Wallerstein

et al., 2000].

Regardless of the risk of an abnormal outcome associated with

the IR abnormal karyotypes, if only unbalances belonging to the HR

group are taken into consideration, the S detectable amount in the

first trimester was 59.25% in <35 years and 68.71% in �35 years of

the total severe chromosomal abnormalities. In the second trimes-

ter, these percentages decreased to 43.77% and 65.42%, respectively

(Table III and Fig. 2).

S detectable values referred to the entire survey of 115,128 cases

considering HRþ IR karyotypes were 68.94% in the first trimester

and 60.76% in the second trimester. They increased to 70.15% and

62.15%, excluding balanced de novo reciprocal translocations, and

to 71.76% and 63.60% when only HR karyotypes were considered.

TABLE II. The Relative Frequencies of Each HR and IR Chromosomal Abnormality Detected in Chorionic Villi (CV) and Amniotic Fluid (AF) in

Pregnant Women <35 and �35 years

Chromosomal abnormality Type

CV AF

<35 years �35 years <35 years �35 years

#
cases

RF
(%)

#
cases

RF
(%)

#
cases

RF
(%)

#
cases

RF
(%)

Trisomy 21 (T21) HR 20 30.30 274 55.24 53 38.69 399 58.50
Trisomy 18 (T18) 5 7.58 69 13.91 5 3.65 73 10.70
Trisomy 13 (T13) 5 7.58 24 4.84 5 3.65 28 4.11
Monosomy X (45,X) 5 7.58 9 1.81 7 5.11 8 1.17
Triploidy 2 3.03 11 2.22 0.00 3 0.44
Autosomal aneuploidies other than T21, T18, T13 1 1.52 22 4.44 1 0.73 3 0.44
Complex unbalanced karyotypes 0.00 2 0.40 1 0.73 5 0.73
Non-satellited and satellited de novo SMC containing

euchromatic material
1 1.52 5 1.01 2 1.46 14 2.05

Unbalanced structural rearrangements 2 3.03 9 1.81 23 16.79 28 4.11
True fetal mosaicism (TFM) (autosomes and

mos46/45,X >30%)
10 15.15 45 9.07 27 19.71 83 12.17

De novo inversion IR 10 15.15 7 1.41 6 4.38 13 1.91
Apparently balanced de novo reciprocal translocation 4 6.06 14 2.82 6 4.38 18 2.64
TFM 46/45,X (45,X<30%) 1 1.52 5 1.01 1 0.73 7 1.03
Familial Robertsonian translocation LR 7 13 16 47
De novo Robertsonian translocation 2 7 6 14
Inherited inversion 9 32 27 56
Inherited and satellited de novo SMC without

euchromatic material
4 2 8

Apparently balanced familial reciprocal translocation 3 18 10 29
Sex chr. anomalies other than 45,X (mosaic and

homogeneous)
11 72 39 119

No. of HR þ IR karyotypes 66 496 137 682

HR, high risk; IR, intermediate risk; SMC, supernumerary chromosome marker; RF, relative frequency of each phenotypically relevant chromosomal abnormality compared to the total HRþ IR cases.
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CONCLUSION

In conclusion, the amount of phenotypically relevant (HRþ IR)

fetal chromosomal abnormalities that are undetected by prenatal

screenings because of their intrinsic detection rates and their ability

to unmask only a specific group of chromosome unbalances has

been quantified by the present study. It is evident from these data

that a large proportion of chromosome abnormalities associated

with a relevant clinical phenotype cannot be detected by non-

invasive prenatal screening tests. Interestingly, in pregnant women

<35 years, who undergo non-invasive PD, the quadruple test

detects <50% portion.

It should be remembered that both the ACOG and the ACMG no

longer use the 35-year cut-off and in fact recommend offering

invasive testing to every pregnant woman.

Considering the false-negative rates for a large number of

significant chromosomal abnormalities, the present findings sup-

port this approach. As recently pointed out by Driscoll and Gross

[2009], a woman may decide to bypass the screening in order to

know if the fetus has a chromosomal anomaly.
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