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Aneuploidy Screening in the First Trimester
KEVIN SPENCER*

This article reviews the performance of first trimester screening for chromosomal anomalies using various
combinations of ultrasound and maternal serum biochemical modalities. Detection rates in excess of 90% can be
routinely achieved for Trisomy 21, Trisomy 13, Trisomy 18 using a combination of fetal nuchal translucency (NT)
thickness and maternal serum free ß-hCG and PAPP-A at 11þ 0 to 13þ 6 weeks of gestation.
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INTRODUCTION

The aim of prenatal screening programs

is to further refine a woman’s risk for

carrying a fetus with a chromosomal

anomaly beyond that of age alone. Based

on such information, an invasive diag-

nostic test such as amniocentesis or

chorionic villus sampling (CVS) can be

offered to determine the actual fetal

karyotype. Presently, such invasive pro-

cedures remain the definitive test for

fetal aneuploidies. However, these pro-

cedures themselves carry a potential fetal

loss rate, which while small may be

unacceptable to certain women. There-

fore, prenatal screening programs pro-

vide information with which couples

can make appropriate informed choices

about reproductive decisions, rather

than focusing on disabilities and their

eradication [Royal College of Obstetri-

cians and Gynaecologists, 1997].

The natural frequency of chromo-

somal abnormalities at birth, in the

absence of any prenatal diagnosis, has

been estimated at 6 per 1,000 births. The

aneuploides are the most frequent of

these, with trisomy 21 (Down syn-

drome) the most common, with an

often-quoted birth prevalence of 1 in

800 [Hook, 1992]. The other common

autosomal trisomies including trisomy

18 (Edward syndrome) and trisomy 13

(Patau syndrome) occur with birth

incidences of 1 in 6,500 and 1 in

12,500, respectively. The other group

of aneuploides includes the sex aneu-

ploides, such as Turner syndrome (45,

X0), Klinefelter syndrome (47,XXY),

and Type I (diandry) and II (digyny)

Triploidy.

The incidence of the major triso-

mies (13, 18, and 21) increases drama-

tically with advancing maternal age and

since there has been a shift over the past

20 years to women having babies at an

older age, the general prevalence has

increased such that the birth prevalence

for trisomy 21 has increased from 1 in

740 in 1974 to 1 in 504 by 1997 [Egan

et al., 2000]. Although the birth inci-

dence of the major chromosomal

abnormalities approaches 6 per 1,000,

the actual frequency at any one time in

pregnancy varies due to the varying

intrauterine lethality of the various

conditions. This means that when

screening women in early pregnancy,

there are a significantly greater number

of fetuses affected than at term or mid-

gestation. Thus, for trisomy 21, there is a

40% fetal loss between 12 weeks and

term, and a 30% fetal loss between

16 weeks and term. For trisomies 13 or

18, there is an 80% fetal loss between

12 weeks and term, and a 40% fetal loss

between 16 weeks and term [Snijders

et al., 1995].

Screening for Down syndrome over

the past two decades has become an

established part of obstetric practice in

many developed countries, primarily
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through the use of maternal serum

biochemical screening in the second

trimester of pregnancy. In the second

Screening for Down syndrome

over the past two decades has

become an established part of

obstetric practice in many

developed countries, primarily

through the use of maternal

serum biochemical screening

in the second trimester

of pregnancy.

trimester, a range of maternal serum

biochemical markers have been investi-

gated, but routine screening has come to

rely on the use of a combination of two,

three, or four markers. The concentra-

tion of many of the biochemical markers

varies with the duration of pregnancy.

By expressing the observed concentra-

tion as a ratio of the median value

observed in a normal pregnancy of the

same gestation to obtain amultiple of the

median (MoM), these gestational fluc-

tuations are removed. The distributions

of theMoM values in normal and Down

pregnancies usually follow a Gaussian

distribution when the MoM is log

transformed; however, with all markers

there is a significant overlap of the two

populations but it is possible to establish

from the Gaussian distributions, the

likelihood of any one result coming

from the population of results associated

with fetal Down syndrome. An indivi-

dual patient specific risk is then calcu-

lated by multiplying the a priori risk

(usually based on maternal age [Cuckle

et al., 1987] or previous aneuploid

history [Nicolaides et al., 1999]) with

the likelihood ratio. Unfortunately, no

one individual marker alone has suffi-

cient discriminatory power and a more

efficient screening program can be

achieved by combining information

from more than one marker. The

detailed mathematics of this multi-

marker approach is beyond the scope of

this review but can be found in other

publications [Reynolds and Penney,

1990]. A summary of the modeled

expected screening performance using

various marker combinations is shown

in Table I.

In over 20 prospective intervention

studies, the modeled second trimester

screening performance has been con-

firmed in large-scale studies over a

considerable time period [Spencer,

1999; Cuckle, 2000; Muller et al.,

2002b; Wald et al., 2003a].

Questions are still being raised over

the value of the fourth major second

trimester marker Inhibin A. Inhibin is a

dimer composed of an alpha subunit and

one of two similar but distinguishable

beta subunits. The earlier assays for

inhibin were non-specific and measured

all forms of inhibin containing the alpha

subunit [van Lith et al., 1992; Spencer

et al., 1993a]. More specific assays

allowing the measurement of dimeric

inhibin A were developed, and studies

have shown this to be a useful second

trimester marker were levels are increas-

ed in trisomy 21 [Aitken et al., 1996;

Malone et al., 2005a]. There is a large

correlationwith inhibinA and hCG; this

coupled with an assay methodology that

is still evolving [Wallace et al., 1998],

variable standardization, lack of a stable

and robust commercially developed

assays [Erickson et al., 2004; Harrison

and Goldie, 2006], and poor center to

center comparibility [Sturgeon et al.,

2006] still remains an issue. While used

across the United States, the UK

National Screening Committee, based

on a performance study, has recently

made a statement suggesting that Inhibin

A should not be used as part of a program

for mass population screening (Muir

Gray 2005, personal communication).

Apart from Down syndrome, the

only other major aneuploidy that is

routinely screened for in some second

trimester screening programs is Edwards

syndrome (trisomy 18). In all other

regards, the biochemical patterns

observed with the other aneuploidies

are unremarkable—perhaps with the

exception of Triploidy Type I and II,

which may reflect placental pathology

seen in this circumstance, particularly in

type I (Table II).

For trisomy 18, protocols using

AFP and Free Beta hCG predict a 50%

detection rate at a 1% false positive rate

[Spencer et al., 1993c], while those using

AFP, total hCGand unconjugated estriol

(UE3) [Barkai et al., 1993; Palomaki

et al., 1995] predict a 60% detection

at a 0.3% detection. More recently,

measurement of Pregnancy Associated

Plasma Protein-A (PAPP-A) has been

shown to potentially increase second

trimester detection rates for trisomy 18

to some 82% for a 0.1% false positive rate

using a two-step screening protocol

[Spencer et al., 1999a; Muller et al.,

2002a]. Prospective screening practice,

in very large-scale studies, does seem to

also support the model predictions for

detection of trisomy 18 in the second

trimester [Meier et al., 2003].

The past decade has seen a con-

siderable focus on moving screening

earlier into the first trimester. Earlier

screening is anticipated to provide

women with an earlier reassurance

and if termination of pregnancy is

required, this can often be completed

before fetal movements are evident.

TABLE I. Modeled Expected Detection Rates for Down Syndrome at a 5%

False Positive Rate Using a Variety of Combinations of Second Trimester

Biochemical Markers [Cuckle, 2001]

Marker combination Detection rate (%)

AFP, free b-hCG 63.2

AFP, free b-hCG, unconjugated estriol 66.8

AFP, free b-hCG, unconjugated estriol, inhibin A 72.1

AFP, alpha fetoprotein.
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The past decade has seen a

considerable focus on moving

screening earlier into the first

trimester. Earlier screening is

anticipated to provide women

with an earlier reassurance and

if termination of pregnancy

is required this can often be

completed before fetal

movements are evident.

Also termination of pregnancy in the

first trimester is safer than later in

pregnancy [Lawson et al., 1994]. The

fact that some aneuploid pregnancies

detected in the first trimester will be

spontaneously lost before term is not a

valid argument against early screening.

For these women, it is important

information to know with regard to

future reproductive decisions and

furthermore, a late miscarriage can be

prevented.

A range of maternal serum bio-

chemical markers have been investigated

in both the first and second trimester of

pregnancy in normal and chromoso-

mally abnormal pregnancies. Table III

summarizes a meta-analysis of published

cases with trisomies 13, 18, and 21 in the

first trimester. For trisomy 21, of the

markers of value in the second trimester,

only the elevated free b-hCG is of any

value in the first and second trimester,

and is reduced in both trimesters when

trisomy 18 is present. The only other

biochemical marker of value is the

lowered levels of PAPP-A seen in cases

with trisomies 13, 18, and 21.

A guide to the scale of clinical

effectiveness in discriminating normal

pregnancies and those affected by tris-

omy 21 can be obtained using the

Mahalanobis distance, calculated from:

mean½unaffected� �mean½affected�
SD½unaffected�

� �2

where the mean and standard deviation

(SD) are in the log domain. Table IV

summarizes this clinical effectiveness

scale and includes for comparison the

ultrasound marker nuchal translucency

(NT) thickness, which is the single most

effective marker for fetal aneuploidy at

the 11–14-week period.

NTAS A SINGLE MARKER

There is now a considerable body of

evidence in the literature to show that

TABLE II. Second Trimester Marker Patterns in Common Aneuploidies

Anomaly AFP HCG Inhibin A UE3

T21 Low High High Low

T18 Low Low Small decrease Low

T13 Small increase Normal Normal Normal

Turner Small decrease. High/low� hydrops High/low� hydrops Small decrease

Other sex Normal or high Normal or high Normal

Triploidy I High High

Triploidy II Normal Low

TABLE III. Meta Analysis of Published Maternal Serum Biochemical

Markers in Cases With Trisomies 21, 18, and 13 in the First Trimester

[Modified From Spencer, 2005]

Serum marker

Trisomy 13 Trisomy 18 Trisomy 21

Median

MoM N

Median

MoM N

Median

MoM N

AFP 0.92 42 0.91 53 0.80 611

Total hCG 0.74 42 0.39 53 1.33 625

Unconjugated estriol 0.71 210

Free b-hCG 0.51 45 0.27 126 1.98 846

Inhibin A 0.74 45 1.41 235 1.59 112

Free a-hCG 1.00 163

CA125 1.14 34

PAPP-A 0.25 42 0.20 119 0.45 777

SP1 0.86 246

Activin 1.23 45 1.36 45

TABLE IV. Relative Clinical

Effectiveness (Mahalanobis

Distance) of Markers in

Discriminating for Trisomy 21

in the First Trimester

Marker

Mahalanobis

distance

NT 11.00

PAPP-A 2.48

Free b-hCG 1.74

Total/intact hCG 0.27
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when NT is measured in a defined way

by sonographers and obstetricians who

have taken part in a program of training

and ongoing audit, that in combination

with maternal age detection rates of 70–

75% are achievable in routine practice

for a false positive rate of 5% or less

for trisomy 21 and similarly for trisomy

13 and 18 [Nicolaides, 2004]. In fact,

increased NT has been shown to be a

feature of a whole variety of chromoso-

mal anomalies and genetic syndromes

[Souka et al., 2001; Nicolaides, 2003].

Snijders et al. [1998] remains the seminal

work establishing the credibility of the

use of NT in a multicenter setting.

BIOCHEMICAL MARKERS

When used as a single marker in

combination with maternal age, at a

fixed 5% false positive rate, the best

estimates for detection of cases with

trisomy 21 range from 42 to 46% for free

b-hCG [Cuckle and van Lith, 1999;

Spencer et al., 1999b] and 48 to 52% for

PAPP-A [Cuckle and van Lith, 1999;

Spencer et al., 1999b] for specimens

collected between the 10- and 14-week

period. When the two markers are

combined together with maternal age,

the detection rates increase to 67%

[Spencer et al., 1999b]. When compar-

ing detection rates between different

time periods in pregnancy, it is impor-

tant to make allowance for the inherent

lethality of fetal aneuploidy. Hence, an

observed detection rate of 75% in the

first trimester is actually worse than the

same detection rate in the second

trimester. Dunstan and Nix [1998] have

provided a methodology to make this

comparison taking into account fetal loss

for trisomy 21. If one assumes the fetal

loss inwomen of all ages is best described

in the studies of Morris et al. [1999], a

predicted detection rate at the time of

the test of 75% in the second trimester

would need to be 3.5% higher in the

first trimester for it to be statistically

significantly higher [Spencer, 2001c]. In

practice, such detection rates of around

80% cannot be achieved by first trime-

ster serum biochemistry or by fetal NT

alone, but can be achieved by combing

the two.

COMBINED ULTRASOUND
AND BIOCHEMICAL
SCREENING

Combining maternal serum biochemis-

try and NT measurement in the first

trimester is an effective screening pro-

cedure because the two modalities do

not appear to be correlated [Spencer

et al., 1999b]. A retrospective study of

210 cases of trisomy 21 and approxi-

mately 1,000 controls showed that this

combined approach could achieve 89%

detection for a 5% false positive rate

[Spencer et al., 1999b]. Other studies

[Wald and Hackshaw, 1997; Cuckle and

van Lith, 1999; De Graff et al., 1999]

have also found that such a combination

can achieve detection rates in excess of

80%. In addition to identifying cases

with trisomy 21, combined screening

has also been shown to identify preg-

nancies complicated by trisomy 13

[Spencer et al., 2000c], trisomy 18 [Tul

et al., 1999], Turner syndrome and other

sex aneuploidies [Spencer et al., 2000b],

and Triploidy Type I and II [Spencer

et al., 2000d]. In addition to detecting

89% of cases with trisomy 21, it has been

estimated that 90% of other chromoso-

mal anomalies can be identified for an

additional 1% false positive rate.

Table V summarizes the basic

pattern of changes in the variousmarkers

associated with the various aneuploidies.

It can be seen that from a marker

perspective, just using NTand maternal

serum biochemistry, it is impossible to

distinguish a clear discriminatory pattern

between trisomy 13 and trisomy 18.

This has led to the development of a

combined trisomy 13/18-risk algorithm

being used in routine practice [Spencer

and Nicolaides, 2002]. The observation

that fetal heart rate is also altered in

a number of chromosomal anomalies

[Liao et al., 2000; Papageorghio et al.,

2006] may lead in the future to separate

algorithms identifying specifically risk

for trisomy 13 and trisomy 18.

In prospective screening using the

combined approach, themodeled detec-

tion rates have been largely confirmed in

quite larger series (see Table VI). Com-

bined screening in the first trimester

can be delivered in different ways. One

example would be the contempora-

neous approach taken in the OSCAR

clinics [Spencer, 1998; Spencer et al.,

2000e, 2003b; Bindra et al., 2002;

Avgidou et al., 2005; Nicolaides et al.,

2005], where the ultrasound examina-

tion and the biochemical testing are

performed simultaneously and the com-

bined risk provided in the one stop

clinic. The benefits of this type of

approach in being able to deliver face

to face counseling have been outlin-

ed [Spencer, 2002, 2004]. Another

approach is that of concurrent testing.

In the more common variant of this

model, the patient undergoes the ultra-

sound examination and blood, NT and

clinical data are sent to a reference

laboratory and the combined risk report

returned to the obstetrician a couple

of days later for patient counseling to

occur [Stenhouse et al., 2004]. A further

variant is sequential testing when the

blood sample is taken a few days prior to

the ultrasound examination so that the

biochemical concentration results are

TABLE V. First Trimester Biochemical and Ultrasound Marker Patterns in

Various Aneuploides

NT CRL FHR Free b-hCG PAPP-A

Trisomy 21 " 2.5 $ " " 2.2 # 0.5

Trisomy 18 " 3.5 # # # 0.3 # 0.5

Trisomy 13 " 2.5 $ " # 0.5 # 0.3

Turner’s " 7.0 $ " $ # 0.5

Triploidy I " 2.5 $ # " 8.0 # 0.8

Triploidy II $ # # # 0.2 # 0.1
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available at this time and a combined risk

can be calculated by the obstetrician and

the patient counseled at this visit [Borrell

et al., 2004]. In this later model, it may

be possible to harness the slight improve-

ment in detection by performing the

biochemistry at 9–10 weeks. (See sec-

tion on temporality).

IMPROVING ACCURACY
OF INDIVIDUAL
RISKS—CO-VARIABLES

Screening programs invariably quote

population detection rates and false

positive rates to clients when counseling

women or in the literature made avail-

able to women. Often little attention is

focused on the individual, for example

in second trimester screening detection

rates of 75% may be achieved by the

program at a 5% false positive rate, but

these are in fact overall population-

derived data which may not be specific

for a given individual. In a 20-year-old,

the detection rate is much less (around

45%) and the false positive rate much

lower (around 3%), while in a 40-year-

old, detection rates are higher (around

92%) and false positive rates higher

(around 40%) [Reynolds et al., 1993].

Similarly in first trimester, screening

detection rates fall to around 80% at

20 (false positive rates 2.5%) and increase

to 96% at 40 (false positive rate 25%),

thus preferably counseling information

needs to be tailored to the individual

[Spencer, 2001b]. In a similar way,

other personal or individual factors

may influence personal risk and these

need to be taken into account when

calculating individual risks. Although

correcting for many of these factors

(or co-variables) in themselves have

little impact on detection rates at

the population level, they can be

quite significant for the individual.

Examples of such factors which might

be taken into account are summarized

in Table VII. A more detailed descrip-

TABLE VI. Summary of Results From Major First Trimester Combined

Prospective Screening Programs

Study Design Size No T21 DR% FPR%

Spencer et al. [1999b] R 1,000 210 89.0 5.0

Nicolaides et al. [2005] P/I 75,821 325 92.6 5.2

Krantz et al. [2000] P/I 5,809 33 90.9 7.9

Crossley et al. [2002] P/NI 17,230 34 82.0 5.0

Schuchter et al. [2002] P/I 4,939 14 85.7 5.0

Von Kaisenberg et al. [2002] P/I 3,864 19 84.2 6.6

Muller et al. [2003b] P/NI 5,694 26 73.0 4.7

Wald et al. [2003b] P/NI 325 65 85.0 6.1

Wapner et al. [2003] P/I 8,514 61 78.7 5.0

Stenhouse et al. [2004] P/I 4,974 15 93 5.9

Hadlow et al. [2005] P/I 10,436 32 90.6 3.6

Malone et al. [2005a] P/NI 38,167 117 87 5.0

O’Leary et al. [2006] P/I 22,280 60 83 3.7

Perni et al. [2006] P/I 4,615 22 90.9 5.0

Total (P) 202,668 823 88 5.0

R, retrospective study; P, prospective study; I, interventional; NI, non-interventional 1st

trimester but interventional 2nd trimester.

TABLE VII. Factors Influencing Maternal Serum Biochemical Markers Levels or Risk for Trisomy 21

Co-variable First trimester Second trimester

Gestational age PAPP-A increased, free b-hCG decreased after 9 weeks AFP, UE3 increased, hCG decreased, inhibin little change

Maternal weight All decreased with increasing weight All decreased with increasing weight

Multiple pregnancy Twice higher in twins, three times higher in triplets Twice higher in twins, three times higher in triplets

IDDM PAPP-A and free b-hCG (?) decreased ? AFP decreased related to level of control, UE3 and

hCG decreased, ? inhibin

Fetal sex Free b-hCG and PAPP-A increased with female fetus HCG increased and AFP decreased with female fetus

Assisted conception Free b-hCG increased, PAPP-A decreased UE3 decreased, hCG increased

Ethnicity Afro-Caribbean and Asian both markers increased AFP, hCG increased in Asian and Afro-Caribbean,

inhibin lowered in Afro-Caribbean

Smoking PAPP-A decreased HCG, UE3 decreased, AFP increased and inhibin

very increased

Gravidity/parity Both markers increased with increasing number of

pregnancies

HCG decreased with increasing pregnancies

Vaginal bleeding Unclear if any effect AFP increased

Previous pregnancy Two to three times more likely to be high risk if

high risk in a previous pregnancy

Three to five times more likely to be high risk if high

risk in a previous pregnancy
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tion of these can be found in Aitken et al.

[2002].

Screening in Twins

Several complex issues are associated

with screening for chromosomal ano-

malies in twin pregnancies [Spencer,

2005], namely: how to interpret the

marker values, the paucity of data in

abnormal affected pregnancies when the

fetuses are either concordant or discor-

dant for an anomaly, the dilemmas

regarding which invasive test to offer,

the perceived increase risk of such

procedures in twins, the technical diffi-

culties of ensuring fetal tissue is obtained

from each fetus, the need to ensure each

fetus can be clearly differentiated at a

later date and, finally the difficulties of

clinical management of fetal reduction

and potential risk to the unaffected co-

twin. These concerns form the basis of

arguments that screening in twins poses

such a serious clinical, ethical, and moral

dilemma [Reynolds, 1995; Cuckle,

1998] that it should be discouraged

[Wald et al., 1998]. Despite such reser-

vations, screening programs for twin

pregnancies have been successfully

implemented in both the second and

first trimesters, in units that have strong

links with specialized fetal medicine

centers [Spencer and Nicolaides, 2003].

The biochemical markers in twin

pregnancies are on average twice that in

normal singleton pregnancies. In a

summary of the world literature, the

median MoM PAPP-A in 707 cases was

1.826 and for free b-hCG was 2.035

from 825 cases [Spencer, 2005]. Wald

et al. [1991] proposed a Pseudo-Risk

approach for risk assessment in twins

whereby the measured result (in MoM)

is divided by the corresponding median

MoM value found in twin pregnancies,

and treating the risk calculation as for a

singleton pregnancy. Although such an

approach leads to lower detection rates

in twins (compared to singleton preg-

nancies), it is though a valuable proce-

dure in the second trimester [Muller

et al., 2003a; Spencer, 2005]. In the

first trimester, it is predicted that adding

in twin biochemistry correction will

improve the detection rate by NTalone

from 75 to 80%—some 10% less than

achieved in singleton pregnancies

[Spencer, 2000]. In prospective practice,

this does seem to be achievable also

[Spencer and Nicolaides, 2003]. How-

ever, the median MoM twin corrected

free b-hCG was only 1.39 in 19 cases

discordant for trisomy 21 whilst that for

PAPP-A was 0.56 [Spencer, 2005].

When chorionicity or zygosity is con-

sidered, there does appear to be measur-

able differences in the marker levels,

particularly for PAPP-A which appear

10% lower in monochorionic twins

[Spencer, 2001a]. Further studies are

needed to confirm these differences. It

remains to be seen whether screening

in twins in the first trimester is more

widely accepted using ultrasound alone

or ultrasound in combination with

maternal serum biochemistry. Little data

is available in higher order multiple

pregnancies.

In the first trimester, NT measure-

ments are not affected by the problems of

dilutional effects encountered with

serum only screening, and the ability

to produce a fetus-specific risk have

resulted in some authors arguing that

first trimester ultrasound should be the

method of choice for screening twins.

However, a combination of the two does

allow improved detection yet still retain-

ing the benefits of using NT to identify

the fetus at risk in the case of discordant

twins. In practice, however, it has been

concluded that NT should be the

predominant factor by which women

presenting with increased risk should

be counseled regarding an invasive test

[Spencer and Nicolaides, 2003].

Temporal Variation

It has become evident over time that

manymarkers showa different pattern of

variation in cases with aneuploidy across

the first and second trimester. Berry et al.

[1997] collected samples from 45 cases

with trisomy 21 in the first trimester and

in the second trimester. They showed

that in these same patients, the first

trimester free b-hCG median was 1.99

compared with 2.79 in the second

trimester. Similarly for PAPP-A, the

corresponding values were 0.50 and

0.94 MoM. In the second trimester,

Spencer and Macri [Macri et al., 1990,

1993; Spencer andMacri, 1992; Spencer

et al., 1992, 1993b; Spencer, 1999] have

demonstrated that median free b-hCG
levels and detection rates for trisomy 21

are higher at around 14–16 weeks than

at 17–19 weeks. A similar pattern was

shown for free b-hCG in the first

trimester when levels increased from

1.75 at 11 weeks to 2.25 at 13 weeks and

for PAPP-A, the levels increased from

0.44 at 11 weeks to 0.69 at 13 weeks

[Spencer et al., 1999b]. In a compre-

hensive analysis of data from between

700 and 1,000 cases with trisomy 21 and

over 100,000 unaffected pregnancies

Spencer et al. [2002, 2003a] have

described in detail the temporal varia-

tion across the first and second trimester

for the markers AFP, PAPP-A, free b-
hCG, and total hCG. The result of this

temporal variation is that the separation

between normal pregnancies and those

with trisomy 21 is changing all the time.

Using such a variable separation model

prevents significant errors in individual

patient-specific risks when compared to

a model where temporal change is not

taken into account [Spencer et al., 2002,

2003a]. The other feature of such

temporal variation is that for individual

markers, there are key measuring peri-

ods. For example, PAPP-A is a better

marker before 10 weeks but free b-hCG
is a better marker at around 12–

14 weeks. The consequence of this

opposing changing pattern is to some

extent balanced so that detection rates

across the 8–13 week window the

variation is from 72.5% at 8 weeks to

62.6% at 13 weeks [Spencer et al.,

2003a].

Temporal variation also exists for

other aneuploidies. For example, in cases

with trisomy 18, levels of PAPP-A are

low in the 1st trimester and get progres-

sively lower throughout the 2nd trime-

ster. Indeed for trisomy 18, PAPP-A is

probably the best clinical discriminator

and a two-stage screening program has

been proposed [Spencer et al., 1999a;

Muller et al., 2002a]. In cases with

trisomy 13, the low 1st trimester levels

of free b-hCG [Spencer et al., 2000c]

increase such that by the 18th week,
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levels are elevated [Spencer et al.,

2005].

Like free b-hCG, total or intact

hCG also follows a temporal variation

which is more pronounced than free

b-hCG and which explains why free

b-hCGmay be a superior marker, parti-

cularly in the first trimester [Spencer

et al., 2000a, 2003a].

INTEGRATED TEST—SERUM
INTEGRATED TEST

An alternative to the combined first

trimester screening approach has been

proposed by Wald et al. [1999] based on

multistage testing in the first and second

trimester. The approach, termed ‘‘Inte-

grated Screening’’ which is a form of

Non-Disclosure Sequential Screening

[Cuckle, 2002], has modeled the theo-

retical performance of a test which

includes the measurement of NT and

PAPP-A in the first trimester. A risk

An alternative to the combined

first trimester screening

approach has been proposed by

Wald et al. based on multistage

testing in the first and second

trimester. The approach,

termed ‘‘Integrated Screening’’

which is a form of

Non-Disclosure Sequential

Screening, has modeled the

theoretical performance of a

test which includes the

measurement of NTand

PAPP-A in the first trimester.

based on these parameters is not calcu-

lated (withheld from the patient) and

further result for free b-hCG, AFP,

unconjugated estriol, and inhibin are

combined after the 16–18 week second

trimester test. The theoretical detection

rate predicted from such modeling

suggests detection rates of 94% for a

5% false positive rate or 85% at 1%

false positive rate may be achievable.

Although this modeled performance is a

fraction higher than can be achieved

routinely in the first trimester alone,

the implementation of the integrated

screening test as a method of population

screening may be difficult in practice.

First, it requires two visits by the patient

at the appropriate timing with the

consequent additional cost and incon-

venience (and likelihood for default),

second, women will have to wait to

endure the additional anxiety associated

with a 4–6 week wait for results when

90% of cases could be detected at the first

visit and a first trimester termination

offered. Additionally, some have ser-

iously questioned the ethical and moral

issues associatedwithwithholding infor-

mation after the first visit and others have

questioned the validity of the statistical

model used [Copel and Bahado-Singh,

1999; Reynolds et al., 1999; Down’s

Screening News, 2000; Herman et al.,

2002; Chervenak et al., 2005].

Another possible alternative model

proposed byWald et al. [1999] involved a

variation of the integrated test which

excludedNTmeasurement. This option

which became subsequently known as

the Serum Integrated Test in modeling

predicted an 85% detection rate at a 5%

false positive rate or 66% at a 1% false

positive rate.

SURUSS AND FASTERTRIAL

In 1996, the UK National Health

Technology Assessment Program fund-

ed a study to assess the comparative

performance of first trimester versus

second trimester screening—the Serum,

Urine and Ultrasound Screening Study

(SURUSS) [Wald et al., 2003a]. The

study which measured NT (without any

external QA process) and first and

second trimester biochemical markers

was based upon 47,053 singleton preg-

nancies and 101 cases with Down

syndrome. The results of the study

quoted detection rates of 85% at a 5%

false positive rate for first trimester

combined screening, 83% for second

trimester Quadruple screening, and

quoted detection rates of 93% for

integrated and 86% for serum inte-

grated.

Some have questioned the results

from the SURUSS trial, particularly

with respect to the quality and timing

of the NTexaminations. Of the 47,053

women recruited, 24% had either no

NTor NT done at appropriate time; 9%

had NT done at inappropriate time;

in 7%, they were unable to obtain a

measurement; in 8%, the image was of

undefined unacceptable quality. In addi-

tion, concern has been raised regarding

the quality of the NT measurements.

The standard and protocol for NT

measurement was not published; neither

was a description of training nor quality

assessment made. Only 65% of women

had NT along with first and second

trimester bloodsmaking the study group

30,375, with 65 cases of trisomy 21.

Actual biochemical analysis was only

performed on the 65 T21 cases along

with 5 controls matched for maternal

age (�10 years), CRL (� 5 mm), length

of storage (18 months). Inhibin A

data was significantly different to

published data; therefore, they used

population parameters from another

study. In summary, all detection rates

and false positive rates were modeled

using all other population parameters

from this one analysis of less than 400

samples.

The First and Second Trimester

Evaluation ofRisk (FASTER) trial was a

similarly designed prospective interven-

tion trial undertaken from 1999 to 2002

in theUSA andwhich finally reported in

late 2005 [Malone et al., 2005a]. Unlike

In 1996, the UK National

Health Technology Assessment

Program funded a study to

assess the comparative

performance of first trimester

versus second trimester

screening—the Serum, Urine

and Ultrasound Screening

Study (SURUSS).
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The First and Second Trimester

Evaluation of Risk (FASTER)

trial was a similarly designed

prospective intervention trial

undertaken from 1999 to 2002

in the USA and which finally

reported in late 2005.

the SURUSS study, there was training,

and quality review of images and bio-

chemical analysis was performed on the

whole data set. Of the 38,033 women

enrolled in the first trimester (92 with

trisomy 21), 95% had an NT measure-

ment of which a further 2.6% were later

excluded after review, 99.5% had first

trimester biochemistry with 95% having

both NT and first trimester biochem-

istry. Some 93% also had second trime-

ster biochemistry with 33,546 (88%

including 87 with trisomy 21) having

complete data for both first and second

trimester. The data obtained for uncon-

jugated estriol was unexpectedly low in

the trisomy 21 cases (0.61 MoM v 0.72

world average), so in the modeling

exercise for detection rates, the world

series average value was used. For NT

and maternal age, a detection rate of

68% for a 5% false positive rate was

obtained—a little lower than expected

from the world FMF series. For first

trimester biochemistry and maternal

age, a detection rate of 67% for a 5%

false positive rate was obtained—almost

identical to the world series. For com-

bined first trimester, screening at detec-

tion rate of 85% for a 5% false positive

rate was obtained (72% at 1%). For the

serum integrated test, the detection rate

was 86% at 5% false positive rate (70 at

1%) and for the full integrated test,

the detection rate was 95% for a 5% false

positive rate (87% at 1%). Quadruple

screening in the second trimester gave a

detection rate of 81% at a 5% false

positive rate (60% at 1%). This study

with its superior design confirmed in the

American population that screening in

the first trimester is an acceptable clinical

alternative to second trimester and

should certainly be offered to women

presenting early in pregnancy. Unlike

SURUSS, women found to have sep-

tated cystic hygroma were excluded

from biochemical testing in the FAS-

TER trial and do not contribute to

the detection rates [Malone et al.,

2005b; Molina et al., 2006; Sonek

et al., 2006].

NEW ULTRASOUND
MARKERS

Further improvements in screening

performance—with either increased

detection or lowered false positive rates

may be achievable in the future by

considering some relatively new first

trimester ultrasound markers. Three

markers in particular do seem to hold

promise. The observation that the nasal

bone appears absent in about 68% of

fetuses with Down syndrome whilst

being absent in only 1–2% of unaffected

pregnancies [Cicero et al., 2001, 2003a]

and that despite some association with

increased NT and altered incidence in

Afro-Caribbean populations [Cicero

et al., 2004], the lack of correlation with

biochemical markers is likely to result in

detection rates of 96% at a 5% false

positive rate or 90% at a 1% false positive

rate [Cicero et al., 2003b, 2005]. This

modeled detection rate has been achiev-

ed in prospective screening practice

[Cicero et al., 2006].

The second potential marker is that

of tricuspid regurgitation determined by

pulsed wave Doppler ultrasonography

[Huggon et al., 2003; Faiola et al., 2005]

which is present in around 8% of normal

fetuses and 65% of those with trisomy

21. Despite some association with

increased NT, in both trisomy 21 and

chromosomally normal pregnancies, the

levels of maternal serum-free b-hCG
and PAPP-A have been shown to be

independent of the presence or absence

of tricuspid regurgitation. Thus, comb-

ing all three modalities would be

expected to achieve a detection rate of

95% at a 5% false positive rate or 90% at a

2% false positive rate [Falcon et al.,

2006].

The third potential marker is that of

abnormal blood flow through the ductus

venosus. By measuring the Pulsitility

Index for veins, studies have shown

detection rates of 65–75% for a 4–5%

false positive rate [Borrell, 2004] which

increased to 75–80% when NT was

added. When serum biochemical

markers measured at 10 weeks were

also added, the modeled detection

rate increased to 92% at a 5% false

positive rate or 84% at a 1% false positive

rate [Borrell et al., 2005].

One major drawback to the general

use of each of these new ultrasound

markers is that each is time consuming,

requiring highly skilled operators with

much experience, and therefore, it is

unlikely that these assessments will

be incorporated into the routine first

trimester scan.

A NEW BIOCHEMICAL
MARKER—ADAM 12

ADAM 12-S is the secreted form of A

Disintegrin And Metallprotease 12, a

glycoprotein of the Metzcin family

synthesized by the placenta and secreted

through pregnancy. ADAM 12-S has a

ADAM 12-S is the secreted

form of A Disintegrin

And Metallprotease 12, a

glycoprotein of the Metzcin

family synthesized by the

placenta and secreted

through pregnancy.

proteolytic function against insulin like

growth factor binding proteins IGFBP-3

and IGFBP-5 and regulates the bioavai-

labilty and action of IGF-1 and II

[Wewer et al., 2005]. Initial studies in a

small series of maternal serum samples

showed ADAM 12 to be reduced in first

trimester caseswith trisomy 21 [Laigaard

et al., 2003] and in cases with trisomy 18

[Laigaard et al., 2005a] as well as in

women developing pre-eclampsia [Lai-

gaard et al., 2005b]. In a larger series of

218 cases with trisomy 21 [Laigaard

et al., 2006b] and a similar large series of

ARTICLE AMERICAN JOURNAL OF MEDICAL GENETICS PART C (SEMINARS IN MEDICAL GENETICS): DOI 10.1002/ajmg.c 25



88 cases in the second trimester [Chris-

tiansen et al., 2006], it has been con-

firmed that first trimester levels of

ADAM 12 are reduced and that the

reduction is more pronounced in earlier

gestation. Discrimination appears best

around 8–10 weeks, decreasing slightly

to 12–14 weeks and then as ADAM

12 levels increase in trisomy 21 discri-

mination improves yet again at around

16 weeks [Christiansen et al., 2006;

Laigaard et al., 2006a]. Population

modeling showed that a combination

of ADAM 12 and PAPP-A measured

at 8–9 weeks, combined with NT

and free b-hCG measured at 12 weeks

could achieve a detection rate of 97%

at a 5% false positive rate or 89% at a

1% false positive rate [Laigaard et al.,

2006b].

CONTINGENT FIRST
TRIMESTER SCREENING

One of the major issues with the

universal implementation of first trime-

ster screening including NT is the

question of access to suitably qualified

sonographers and obstetricians able to

perform NT measurement. There is

ample evidence from the literature that

NT measured badly by untrained and

un-audited centers is actually impacting

on detection rates. Others have also

argued that compared with the cost of

simple serological testing—an ultra-

sound examination is costly and not

appropriate universally in some health

economies. To explore ways of mana-

ging access and cost of NT measure-

ment, a newapproach has been proposed

called Contingent Testing. The first

model of this type was described by

Christiansen and Larsen [2002]. In this

model, awomenwith a very high risk, as

determined by the serological tests

would be offered an invasive test, those

with a very low risk, as determined by

the serological test would be reassured,

and those in the intermediate risk group

would be offered a subsequent NT

examination and a new risk calculated

from both sets of information (Serology

and NT in combination with maternal

age). Those with a risk higher than the

chosen cut-off would be offered invasive

testing whilst the others would be

reassured. In this model using a 1:65

cut-off to identify those with high risk,

1:1,000 to identify those with low risk

and offering NT examination to those

with risks between 1:64 and 1:1,000

(19.4% of the population), modeled

detection rates were found to be only

6.5% lower than the combined test for all

and the overall program cost would be

reduced almost by half.

The general form of any contingent

test can be described in Figure 1 based on

the work of Wright et al. [2004].

Another example of a first trimester

contingent approach using serological

testing to select women for measure-

ment of NT and free b-hCG is based

on early biochemical screening at 8–

9 weeks using PAPP-A and the new

marker ADAM 12. Laigaard et al.

[2006b] using a cut-off of 1:65 to select

women at high risk, 1:1,000 to select

women at low risk and those in between

going on to have NT and free b-hCG
at 12 weeks (representing 5.6% of

all pregnancies), have suggested that a

detection rate of 92% could be achieved

for a 1% false positive rate.

The second stage screening test in

contingent screening can also be further

second trimester serological testing.

Figure 1. General form of a Contingent Test. C1 defines the cut of for High Risk
women,C2 defines the cut-off for LowRiskwomen.Ddefines the second stage risk cut-
off for the intermediate riskwomenwho subsequently have Stage 2Test(s)when a revised
risk is calculated based on both the first stage and second stage tests.

Initial studies in a small series

of maternal serum samples

showedADAM12 to be reduced

in first trimester cases

with trisomy 21
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Maymon et al. [2004] chose a high first

trimester risk cut-off (combined screen-

ing), above which a complete Integrated

test is unlikely to become negative.

Using this model, the high-risk group

proceeds to invasive testing, while the

low-risk group has no further testing and

their screening is considered completed.

The intermediate risk group proceeds

to second trimester screening where

the risk calculation takes into account

the first trimester results. This model

obviates the ethical, moral, and clinical

implications of non-disclosure of the

first trimester result and saves the finan-

cial implications of assessing the whole

population with unnecessary second

trimester tests. In a thorough analysis of

the methodology of Contingent screen-

ing, Wright et al. [2004] showed how

one could create models of screening

programs using this approach in which

the key deciding factors would be the

proportion of cases detected in the first

trimester and the proportion of women

who would have completed the screen-

ing process in the first trimester. In a

further follow-up article which looked

at the development of separate protocols

for the UK and USA to reflect the

differences in commonly used tests, cut-

offs, and gestational age at testing, Benn

et al. [2005] showed clearly that for both

countries, 60% of affected pregnancies

would be detected in the first trimester

and less than 20% of women would

require a second trimester test with

detection rates of 90% for a 2.5% false

positive rate.

In yet a further extension of this

concept which perhaps combines the

approaches of Christiansen and Larsen

[2002] and that of Wright et al. [2004],

Wright et al. [2006a] have proposed a

three-stage contingent protocol (Fig. 2).

The first stage is based on measurement

of PAPP-A and freeb-hCG and a cut-off

to select women who will proceed to

have NT as the second stage and a

combination risk calculated. Women

with a low risk based on this initial cut-

off will be reassured. At the second stage

(NT measurement), a cut-off is used to

select women at high risk who are

offered invasive testing, while a low risk

cut-off is used to identify low risk

women who are reassured and those

with intermediate risks then proceed to

the third stage of second trimester

serological marker testing with a risk

based on all of the combined modalities.

A single risk cut-off is then used to

define those at low risk who are

reassured and those at high risk who

are offered invasive testing. In this

model, if 40% of women are to proceed

to stage 2 (NT) and 60% of screening is

completed after stage 1 (PAPP-A and

free b-hCG) and 80% completed by the

end of the first trimester—resulting in

20% requiring testing at stage 3, for an

85% detection rate, the false positive rate

would be 0.7% compared with 0.5%

with the Integrated test.

Contingent screening clearly offer

considerable psychological and clinical

advantages over the Integrated test of

early diagnosis, and if necessary, termi-

nation of pregnancy for the vast majority

of cases. It offers early reassurance for a

large number of women. Furthermore,

it overcomes the difficulties for health

care professionals imposed by the non-

disclosure of early screening results. The

added complexity (for health care pro-

fessionals and women), however, needs

consideration as does the need to have

differing cut-offs at each stage and we

need to assess the practicalities of such

policies and the extent to which non-

compliance will erode the performance

(something which has never been

assessed for the Integrated test).

A further variant of the Contingent

test has been proposed by Nicolaides

et al. [2005] in which the second stage

test is a range of complex first trimester

ultrasound examinations such as pre-

sence/absence of the nasal bone, pre-

sence/absence of tricuspid regurgitation

or normal/abnormal Doppler velocity

waveform in the ductus venosus, which

Figure 2. A three stage contingent test [modified from Wright et al., 2006a].
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could be performed after combined

first trimester screening by referral to a

tertiary fetal medicine center. In this

model, detection rates would range from

92% at a 2.1% false positive rate with

nasal bone, 94.2% at 2.7% for ductus

venosus doppler, and 91.7% at 2.7% for

tricuspid regurgitation. The application

of absent nasal bone in such a strategy has

been demonstrated in a recent prospec-

tive study [Cicero et al., 2006]. It is

anticipated that a combination of all

three procedures would lead to detec-

tion rates of 90% at a 1% false positive

rate.

REPEATED MEASURES
SCREENING

To add even further complexity to the

array of screening programs that may be

introduced in the future, a recent article

[Wright and Bradbury, 2005] demon-

strating the potential value of using

highly correlated repeated measures of

serum markers taken in the first and

second trimesters flies against conven-

tional thinking with respect to the

choice of markers. The choice of

markers in multi-marker screening tests

has been influenced in the past by the

extent to which they provide indepen-

dent or new information as character-

ized by low correlations between

markers and the univariate properties

of markers. The perceived wisdom has

been that combining markers with low

correlations that individually have good

discriminatory power represents the best

approach. However, thework ofWright

and Bradbury has demonstrated that

certain combinations of highly corre-

lated markers, some which individually

have poor discriminatory power, have

substantial benefits over the established

combinations of markers used in the

integrated test. For example, using the

SURUSS parameters [Wald et al.,

2003b], a repeat measure of PAPP-A

alone at 10 weeks and at 16 weeks would

result in a detection rate of 85% at a 2.3%

false positive rate. Including unconju-

gated estriol in both trimesters would

reduce the false positive rate to 0.5% and

including NTat 12 weeks would reduce

this further to 0.3%. A similar effect is

seen in the use of PAPP-A. Based on an

85% detection rate, the false positive rate

decreases from 16% when PAPP-A is

measured alone in the first trimester to

2.3% when measured in both trimesters.

How can multiple measurements of a

marker such as PAPP-A, that is so
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Figure 3. Bivariate distribution of log MoM PAPP-A in the first and second trimester. The red circles represent cases with Down
syndrome and the black circles thosewith normal pregnancies. The ellipses represent contours containing 90%of the distribution. (Courtesy
of David Wright).
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effective in the first trimester yet poor in

the second trimester, be of such value in

reducing the false positive rate? The

mechanism is shown in Figure 3 which

shows the distributions of PAPP-A

MoM in both trimesters for the unaf-

fected and affected populations. The

figure clearly shows that even though the

individual markers do not provide good

discrimination, the joint distribution of

the two is effective in separating the two

populations.

Further studies need to be per-

formed with other data sets other than

the SURUSS parameters used in this

modeling. One such recently published

validation study [Palomaki et al., 2006]

using repeat measures of PAPP-A in

addition to the serum integrated test

showed a detection rate of 86% for a 1%

false positive rate compared with 82%

using the serum integrated test alone.

While some have tried to cast doubt on

this approach [Wald et al., 2006], this

approach appears to hold much promise

[Wright et al., 2006b].

The pattern of successful markers

that may be investigated in the future

might include particularly those that

are highly correlated between trimesters

but also those in which the clinical

discrimination is good in one trimester

but is poor in another. An example is

PAPP-A, inhibin, or total hCG, or

alternatively where in Down syndrome

amarker is low in one trimester and high

in another as is SP1 [Qin et al., 1997] or

ADAM 12 [Christiansen et al., 2006;

Laigaard et al., 2006b]. Also repeat

measures need not necessarily be

restricted to cross trimesters. For exam-

ple, a number of biochemical markers

show temporal changes both within

trimester and across trimester [Spencer

et al., 2002, 2003a]. PAPP-A progres-

sively loses clinical discrimination from8

weeks onwards. Similarly, the discrimi-

nationwith total hCG appears poor at 10

weeks but is maximal at 17 weeks, thus a

repeat measures first trimester approach

using PAPP-A and free b-hCG or total

hCGwith or without NT could achieve

detection rates of 93% or 82% at a 1%

false positive rate but performance

would critically depend on the timing

of the repeat measures [Wright et al.,

2006c]. Further studies are needed

to evaluate this approach with other

markers.

CONCLUSIONS

In the past decade, prenatal screening for

Down syndrome has become much

more complicated as we strive to

improve detection at lower false positive

rates. Such research advances are

coupled with a desire by women to have

early screening and its attendant benefits

such as early reassurance for most and the

prospect of earlier, safer, and less psy-

chologically traumatic termination

when appropriate. With all of the

different screening options (some only

theoretical and some clearly implemen-

table in practice), we must not lose sight

of the fact that such complex strategies

will need careful evaluation from a

health care delivery aspect. Such com-

plexity impacts directly on women’s

health care professionals, and there is

concern regarding potential anxiety that

such complicated programs andmultiple

options may present [Kornman et al.,

1997; Mulvey and Wallace, 2000; Spen-

cer and Aitken, 2004]. We also need to

be more open in our thinking and less

focused exclusively on the problem of

Down syndrome. Many of the new

models incorporating early ultrasound

will also bring spin-offs in detection of

other chromosomal and structural

anomalies and the identification of

women at high risk for many other

potential problems of fetal-maternal

health. High quality ultrasound will

become the bed rock of early fetal-

maternal assessment—as scientists and

clinicians, we should embrace this and

strive together with our imaging and

fetal medicine colleagues to make a

brighter safer and healthier future for

the generations to come.
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