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Chapter 1 

General introduction and thesis outline 

Introduction 

In 1922, Painter studied human chromosomes derived from testis biopsies, and wrongly 

established the number of chromosomes in humans to be 48. The discovery of the 

correct number of chromosomes in humans to be 46 (Tjio and Levan, 1956), was the 

starting point for subsequent developments in human chromosome studies. The first 

autosomal trisomy was described by Lejeune et al., (1959), who found that Down 

syndrome was caused by the presence of three copies, as opposed to the normal two, of 

one of the smallest human chromosomes. 

Nowell (1960) was able to culture lymphocytes using a substance of beans, 

phytohemagglutinine (PHA). That same year, the "Chromosome conference" decided to 

order the human chromosomes according to their size. With the discovery of a specific 

banding pattern on each chromosome (Caspersson, 1968), each chromosome could be 

uniquely identified. 

Chromosomal anomalies 

Down syndrome 

Trisomy 21, one of the most common chromosomal abnormalities detected in 

pregnancy or at birth, causes Down syndrome (mongolism). It occurs in 1.2 per 1000 

life births (Hook, 1992), with a life expectation of about 60 years. 

John Langdon Haydon Down was the first to describe Down syndrome. In 1866, Down 

wrote in his paper "Observations on an ethnic classification of idiots": 

"I have for some time had my attention directed towards the 

possibility of making a classification of the feeble-minded, by 

arranging them around various ethnic standards. I have been able to 

find among the large number of idiots and imbeciles, which came 

under my observation, that a considerable portion can be fairly 

referred to one of the great divisions of the human race other than the 

class from which they have sprung. The great Mongolian family has 

numerous representatives, and it is to this division, I wish, in this 

paper, to call special attention. A very large number of congenital 

idiots are typical Mongols. So marked is this, that when placed side by 
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side, it is difficult to believe that the specimens compared are not 

children of the same parents. The number of idiots who arrange 

themselves around the Mongolian type is so great, and they represent 

such a close resemblance to one another in mental power, that I shall 

describe an idiot member of this racial division ". 

At the end of this paper he wrote: "The life expectancy, however, is far below the 

average, and the tendency is to the tuberculosis, which I believe to be the hereditary 

origin of the degeneration. " 

It took almost hundred years to prove the latter believe of Down to be incorrect. 

Clin ical features 

It is known that pregnancies with Down syndrome are selectively miscarried throughout 

pregnancy. From about 10 weeks of gestation to term, approximately 40 per cent of 

pregnancies with Down syndrome will end in a miscarriage or stillbirth (Morris et al, 

1999). From 16 weeks of gestation to term, an estimated 20 per cent of pregnancies will 

end in a miscarriage or stillbirth, and 10 per cent of Down syndrome pregnancies will 

result in a stillbirth or a neonatal death. 

Individuals with Down syndrome often have specific major congenital malformations. 

The clinical picture includes mental retardation, cardiac defects and malformations of 

the gastrointestinal tract, immunological deficiencies and premature aging with 

similarities to Alzheimer disease. There is an increased incidence of leukemia in Down 

syndrome. In particular acute megakaryocyte leukemia occurs 200 to 400 times more 

frequently in Down syndrome than in chromosomally normal people. 

The features of the face are very characteristic and point towards the diagnosis. The 

infants have epicanthic folds, oblique palpebral fissures and a flat nasal bridge. The 

neck is short, often with an excess of skin. The tongue often protrudes and may be thick. 

The ears are small and often abnormally shaped (McKusick, 1994). 

Other chromosomal anomalies 

Chromosomal anomalies can be divided into two main categories: numerical anomalies 

and structural anomalies of individual chromosomes. 

Numerical anomalies occasionally found before or after birth are trisomy 18 (Edwards 

syndrome), trisomy 13 (Patau syndrome), and sex-chromosomal anomalies, such as 

Turner syndrome (45,X), Klinefelter syndrome (47,XXY), Triple-X (47,XXX) or 

Double-Y (47,XYY). Most other numerical autosomal anomalies are lethal in embryos. 

Trisomy 18 has an incidence of approximately 1 in 7,000 live births (Hook, 1992). This 

condition can manifest with isolated growth retardation and/or multiple structural 
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anomalies. The infants are always severely psycho-motorically retarded and mortality 

amounts to almost 100% before the first year of live. Trisomy 13 has an incidence of 

approximately 1 in 12,500 (Hook, 1992). This condition is also associated with multiple 

congenital anomalies, such as holoprosencephaly, facial midline defects and renal and 

cardiac anomalies, and death usually occurs a few weeks after birth. 

Sex chromosome aneuploidies are the most frequent chromosome disorders in live-born 

children, with an incidence of 1 in 500 live births (Hook, 1992). These disorders, such 

as Turner syndrome (45,X), Klinefelter syndrome (47,XXY), 47,XXX and 47,XYY are 

compatible with life but may cause problems with fertility. 

Structural deviations of chromosomes arise from one or more breakpoints in one or 

more chromosomes during DNA replication, leading to translocations, inversions, 

deletions, insertions or ring chromosomes. These structural deviations can be balanced, 

i.e. the total amount of DNA is not altered and the phenotype is normal, or unbalanced, 

which leads to an abnormal phenotype. The overall incidence of these structural 

deviations of chromosomes, including supernumerary marker chromosomes, is 1 in 365 

(Hook, 1992). Clinical features of these structural chromosomal abnormalities vary 

between none or minor disabilities to severe (mental) handicaps. 

Prenatal Diagnosis 

General aspects 

The possibility of obtaining fetal cells during pregnancy has made prenatal diagnosis of 

chromosomal abnormalities possible. The first technique that was introduced to acquire 

fetal cells was amniocentesis (Steele and Breg, 1966). In the early eighties a technique 

to sample cells from the placenta (chorionic villus sampling) became available (Simoni 

et ai, 1983). Because the miscarriage risk that is involved in these invasive procedures, 

and the costs involved with karyotyping, these procedures are not offered to all pregnant 

women. Therefore screening methods are required to detect those women at higher risk 

for fetal chromosomal abnormalities. 

The incidence of Down syndrome is related to maternal age (Penrose, 1933; Hook, 

1981). In the Netherlands, invasive prenatal testing for chromosome analysis is offered 

to pregnant women aged 36 years or older at 18 weeks of gestation (Kloosterman, 

1987). This age limit was chosen, because at this age the risk of carrying a child with a 

chromosomal abnormality equals or becomes larger than the average population risk of 

a chromosomal abnormality (0.5 per cent). By chance, this risk also equals or becomes 

larger than the amniocentesis related risk for a 'spontaneous' abortion. 

11 
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Women eligible for invasive prenatal diagnosis are those women with an increased risk 

of chromosomal abnormalities, which is in the majority of cases because of advanced 

maternal age. Other indications are parental carrier status of a balanced chromosomal 

anomaly, a previous child with a chromosomal abnormality or structural defects seen at 

ultrasound examination suspicious for a chromosomal abnormality 

Amniocentesis 

Amniocentesis was initially described in the nineteenth century (Prochownik,1877; 

Lambl, 1881; Schatz, 1882; Henkel, 1919) in the management of polyhydramnios, but it 

was not until the middle of this century that the technique was applied to prenatal 

diagnosis and management of Rhesus isoimmunization (Liley, 1961). Bevis et al, 

(1953) demonstrated that spectrophotometric analysis of amniotic fluid could be used to 

predict the severity of Rh-isoimmunization. 

A further advance was made when it became possible to culture and karyotype fetal 

amniotic fluid cells taken from high-risk pregnancies (Steele and Breg, 1966; Jacobson 

and Barter, 1967) and to diagnose Down syndrome (Valenti at a!., 1968). 

Apart from the cytogenetic information available from amniotic fluid cells, amniotic 

fluid may also be sampled for other fetal products which can be used for prenatal 

diagnosis. Before 20 weeks of gestation the concentration of alpha-fetoprotein in 

amniotic fluid can be measured to detect open spina bifida and anencephaly. At a later 

gestational age the concentration of (pulmonary) phospholipids can be determined to 

assess fetal lung maturity. 

Sampling procedure 

Nowadays amniocentesis is performed under direct ultrasound guidance so that the 

position of the needle and the fetus and the placenta is known (figure 1). Although 

amniocentesis is technically possible from 8 weeks onwards, it is usually performed 

around 15 weeks of gestation. Culturing amniotic fluid cells takes on average 10-14 

days, with the result from karyotyping being available in most clinics after 2-4 weeks, at 

a gestational age of 17 to 19 weeks. In case an affected fetus is found, the pregnancy 

can be terminated by induction. 

Complications 

The risk of a subsequent abortion following amniocentesis is considered to be between 

0.3% and 0.5%, after correction for the background miscarriage rate (Leschot and 

Kleiverda, 1999; Kuliev et al., 1996). This procedure-related risk is derived by 

12 
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needle 

/ultrasound probe 

amniotic fluid 

Figure 1. Amniocentesis (from: birth defects, AMC, 1997) 

subtracting the natural background abortion risk from the total number of abortions 

occurring after amniocentesis. However, this natural background abortion risk is 

difficult to establish as no randomized controlled trials are available. These procedure-

related risks are slightly affected by the operator's experience (Leschot et al, 1985) and 

the number of needle insertions (Marthin et al, 1997). Other complications, as neonatal 

lung function abnormalities and sepsis, are rare. 

The hazards of the procedure to the mother are difficult to assess. Psychological stress is 

a common feature in all forms of prenatal diagnosis. A retrospective study of Rothman 

(1986) reported that amniocentesis changes the experience of pregnancy, of women 

'denying' their pregnancy until after the receipt of a favourable result. Women were 

reporting similar anxieties before the procedure (about whether it would hurt them, 

harm the baby or cause a miscarriage) but overwhelmingly they recalled the stress of 

waiting for the results. This dissatisfaction with the need to wait until the mid-trimester 

for prenatal diagnosis, lead to the consideration of first trimester amniocentesis. 

The procedure of early amniocentesis is similar to late amniocentesis, except that less 

amniotic fluid is removed (10 ml instead of 20 ml). A limitation to perform earlier 

sampling was the finding that aspiration of large amounts of amniotic fluid earlier in 

gestation would be more likely to cause fetal loss, neonatal limb defects and respiratory 

complications (Calhoun et al, 1994; Nicolaides et al, 1994; Johnson et al, 1996; 

Wilson et al, 1997). The Canadian Early and Mid-trimester Amniocentesis Trial Group 

(CEMAT, 1998) has performed a study to asses the safety and cytogenetic accuracy of 

early-amniocentesis as compared to mid-trimester amniocentesis. They reported an 
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increased risk of talipes equinovarus (an incidence of 1.3%, as compared to 0.1% in the 

mid-trimester amniocentesis group) to be associated with early amniocentesis, as well as 

an increased risk of a spontaneous miscarriage (4.4%). Amniotic fluid leakage was more 

common, and the success rate for culturing the amniocytes and providing a diagnosis 

was lower with early amniocentesis than with mid-trimester amniocentesis. There was 

no difference between early and mid-trimester amniocentesis regarding respiratory 

problems. 

Chorionic Villus Sampling (CVS) 

In 1968, Mohr introduced the concept of chorionic biopsy for fetal diagnosis. He used 

hysteroscopy and was remarkably successful in obtaining villi from patients before 

termination of pregnancy. In 60% of the cases chorionic villi could be obtained, but in 

50% there was a failure to culture these villi. Suspected damage to the membranes, 

possibly caused by poor visibility due to maternal bleeding, resulted in the loss of 10 

out of 27 pregnancies within one week after biopsy. The reported complications and the 

rapid acceptance of amniocentesis delayed any major research in this area for 

approximately 10 years. 

The increasing demand for fetal diagnosis for high risk conditions along with progress 

in DNA technology and the addition of ultrasound guidance led to the renewed interest 

in first trimester CVS. In 1975, a group of Chinese investigators (Teitung Hospital), in 

an attempt to establish a safe and easy method for first trimester sex determination, 

reported their experience with "blind" aspiration of chorionic villus material. Kazy et al. 

(1982) were the first to introduce the real time ultrasonic guidance for placental biopsy. 

The authors found that visualization of the placenta improved the success rate of CVS 

and reduced the incidence of procedure-related complications. 

Further interest in CVS was aroused when Simoni et al. (1983) demonstrated that villus 

material could be used for cytogenetic and biochemical diagnosis without the need to 

culture the cells. 

Sampling procedure 
The procedure may be carried out from 6 weeks onwards. Transcervical, 

transabdominal and transvaginal approaches have been described (Ward et al, 1983; 

Smidt-Jensen et ai, 1984); the first two are most commonly used. The transabdominal 

method can be used throughout pregnancy. 

Before sampling, ultrasound evaluation is performed to establish the localisation of the 

placenta. CVS can be performed by either insertion of a biopsy instrument (forceps or 
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cannule) through the cervix in the placenta, or insertion of a needle through the 

abdominal wall (figure 2). 
Specimens yielded by CVS can be examined directly to give a karyotype within 24 to 

48 hours. Alternatively, they can be cultured; this takes 8 to 10 days. In case an affected 

fetus is found, the pregnancy can be terminated using suction before 14 weeks of 

gestation. 

placenta 

amniotic fluid 
placenta 

amniotic fluid 

A B 

Figure 2. Transcervical (A) and transabdominal (B) CVS (from: birth defects, AMC, 1997). 

Complications 

The main complication of CVS is fetal loss following the procedure. This CVS 

associated fetal loss rate (0.5%) is comparable to that after amniocentesis (Kuliever al, 

1996; Leschot and Kleiverda, 1999). Again it is difficult to assess the true abortion rate 

caused by CVS, given the relatively high background spontaneous miscarriage rate in 

the first trimester of pregnancy. Risk factors for fetal loss after CVS are a history of 

either a first-trimester miscarriage or delivery between 16 and 27 weeks and multiple 

insertions required to obtain sufficient villus material (Lunshof et ai, 1995). Alfirevic et 

al. (1996) found in a review which compared CVS with mid-trimester amniocentesis, a 

statistically significant increase in miscarriages in the CVS group that was procedure 

related. 

CVS performed before 10 weeks of gestation gives an increased risk of limb reduction 

defects (Firth, 1997). Therefor it is currently performed between 10 and 12 weeks of 
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gestation. At this gestational age there is no increased risk of limb reduction defects 

(Kulievefa/., 1996). 

Other technical problems associated with CVS are maternal cell contamination, 

chromosomal mosaicism, chromosome anomalies confined to the placenta, and false-

negative and false-positive results. Mosaicism may be found either as an artifact of 

culture (pseudo-mosaicism), or as a genuine difference between placenta and fetus 

(confined placental mosaicism), or as true mosaicism in the fetus. In a large study 

(62,865 CVS samples), Hahnemann and Vejerslev (1997) found either a normal 

karyotype (true negative result) or a non-mosaic chromosomal aberration (true-positive 

result) in 98.5% of cases. A true fetal mosaicism was diagnosed in 0.15% of the 

samples, while confined placental mosaicism occurred in 1.0%. False positive (0.15%) 

and false-negative CVS results (0.03%) were also observed, as well as failure to 

produce a diagnosis (0.15%). False-positive results, mainly trisomy 18 and monosomy 

X, and false-negative results were only found in this study after direct preparation. This 

occurs as a result of postzygotic nondisjunction in the aggressively dividing 

cytotrophoblast cells (Bianchi et al, 1993). 

Ultrasound examination 

Obstetric ultrasound started in the late 1950s with the development of the static scanner. 

It became possible to quantify in vivo fetal growth by measuring distances and 

circumferences in particular of the head, the abdomen and the long bones. With the 

introduction of real-time imaging, many images could be obtained per second, the 

image resolution was improved and the information on fetal development became more 

detailed. With the improvement of ultrasound technique, ultrasonographers focused on 

the visualization of fetal structures and organs. Detailed information on development 

and anatomical structures have been recognized by ultrasound. The introduction of 

vaginal probes made earlier examination possible. 

The efficiency of (routine) ultrasound examination for fetal abnormalities has been 

extensively studied. The RADIUS study (Routine Antenatal Diagnostic Imaging with 

Ultrasound), including more than 15000 women without a specific indication for 

ultrasonography, showed that routine ultrasound examination has no clinically 

significant benefit (Ewigman et al, 1993; LeFevre et al, 1993 Crane et al, 1994). 

However, in a high-risk population the accuracy of ultrasound in diagnosing congenital 

anomalies is more than 90% (Garmel and D'Alton, 1994). Moreover, ultrasound 

appears to be the preferred strategy for most women to get reassurance about their 

child's wellbeing (Romano and Waitzman, 1998). 
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Other prenatal diagnostic procedures 

Cordocentesis 

Cordocentesis is an invasive technique to obtain fetal blood. The first fetal blood 

samplings were performed during labor (Saling, 1966). Blood obtained through a small 

incision in the skin of the fetal scalp exposed by an amnioscope after rupture of the 

membranes could be used for evaluation of acid-base status. This became, and still is, a 

standard technique of assessing fetal well being during labor. Valenti, in 1973, was the 

first to sample fetal blood during pregnancy. Fetal blood was obtained under direct 

vision (fetoscope) by puncture of the chorionic plate vessels (Hobbins and Mahony, 

1974) or the umbilical cord vessels (Rodeck and Campbell, 1978). This approach first 

allowed for direct intravascular transfusion to correct fetal anemia due to Rh-

isoimmunization (Rodeck et al., 1981). Improvements in ultrasound technology enabled 

the introduction of ultrasound guided puncture of the umbilical cord (cordocentesis), 

which is the current method of fetal blood sampling. 

Fetal blood sampling is used to assess the fetal karyotype in the presence of structural 

defects diagnosed by ultrasound which are known to be associated with an increased 

risk of chromosomal abnormalities (exomphalos, non-immune hydrops, cystic hygroma, 

obstructive uropathy, cardiac malformations, etc.). Such rapid karyotyping is not only 

indicated in the mid-trimester, when termination of pregnancy in case of an aneuploid 

fetus is still an option, but also in the third trimester, when knowledge of a serious 

chromosomal defect may guide antenatal and antepartum management, including the 

mode of delivery. 

Other reasons to sample fetal blood sampling are cases in which a haemoglobinopathy 

or congenital infection (as toxoplasmosis, rubella, CMV or herpes) is suspected. The 

risk of fetal loss following cordocentesis is comparable with the loss rate after CVS or 

amniocentesis (Antsaklis et ai, 1998). 

Uncultured amniocytes 

The relative late gestational age at which amniocentesis is performed, and the relative 

long time before the diagnosis is known, led to the interest of prenatal diagnosis on 

uncultured amniocytes. With fluorescent in situ hybridization (FISH), a technique that 

can highlight specific chromosomes in non-dividing (interphase) cells, a limited 

diagnosis using amniocentesis can be available within three days. 

Van Opstal et al. (1998) used FISH for the rapid detection of chromosome aberrations in 

uncultured amniocytes in cases of ultrasound abnormalities. In 196 cases, the 

amniocytes were screened with probes specific for chromosomes X, Y, 13, 18 and 21. 
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These chromosomes account for the great majority of all chromosome aberrations found 

in chromosomally abnormal fetuses presenting with ultrasonographic detected 

anomalies (Wladimiroff et ai, 1995). In 46 of 196 cases a chromosomal anomaly 

existed, that could theoretically have been detected with FISH. Three of these detectable 

chromosome aberrations were missed; there was one false negative result (a failure to 

detect trisomy 13), and 2 uninformative results due to technical failures. Van Opstal et 

al. concluded that FISH on uncultured amniocytes provides a rapid and accurate method 

for prenatal diagnosis of chromosomal aneuploidy in pregnancies complicated by fetal 

anomalies. However, the reliability, and therefore the clinical utility, will depend on the 

specificity and hybridisation efficiency of the probes. Also Eiben et al. (1998) detected 

with FISH on uncultured amniocytes all cases with a chromosomal aberration, with the 

exception of one case (of trisomy 21) which was due to a technical problem. Neither 

false-positive nor other false-negative results were obtained and they also concluded 

that FISH is a valuable and reliable method for rapid prenatal diagnosis. 

Prenatal screening 

Screening is not diagnosis 

"Screening means the identification among apparently healthy individuals, of 

those who are sufficiently at risk of a specific disorder to justify a subsequent 

diagnostic test or procedure, or, in certain circumstances, direct preventive 

action. The screening procedure may take the form of a simple inquiry (e.g. 

determining maternal age in case of Down syndrome screening) or a special test 

(e.g. maternal serum alpha-fetoprotein estimation in case of neural tube defect 

screening). It differs from a diagnostic procedure in that there is no intention to 

offer therapeutic intervention solely on the basis of a positive screening result. " 

(Cuckle and Wald, 1984). 

Screening may lead to unnecessary interventions that pose a health risk to the patient. 

The Committee Genetic Screening of the Health Council in the Netherlands has 

published a report with criteria that should be considered before the introduction of a 

screening program. Most of the criteria described in that report are based on principles 

first suggested by Wilson and Jungner (1968): 

"The condition screened for should be an important health problem. There should 

be an accepted treatment for patients with recognized disease and there should be 

an agreed policy on whom to treat as patients. Facilities for diagnosis, a suitable 

and generally acceptable test, and facilities for treatment should be available. The 

natural history of the condition, including a recognized latent or early 
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symptomatic stage and development from latent to declared disease, should be 

adequately understood. The cost of case-finding (including diagnosis and 

treatment) should be economically balanced in relation to possible expenditure on 

medical care as a whole. Case finding should be a continuing process and not a 

"once and for all " project. " 

Down syndrome screening may be considered in perspective of the above described 

criteria (Wildhagen et al, 1996). 

"Down syndrome is an important health problem.In Down syndrome screening 

the mother carrying the Down syndrome fetus should be seen as "patient ". With a 

screening test being the assessment of maternal age or a blood sample, a patient 

can reliably be identified as being at high risk. These tests are quite acceptable 

for the patient. The diagnosis Down syndrome can be made reliably by 

karyotyping using amniocentesis, CVS or cordocentesis. Actually, there is no 

prenatal "treatment" besides termination of the pregnancy, but prenatal 

diagnosis may lead to more options in choice. " 

Prenatal screening for Down syndrome is directed towards identifying women at 

increased risk of having a Down syndrome fetus and to offer them the option of 

invasive prenatal diagnosis for fetal karyotyping in order to enable them to make a 

decision about the continuation of the pregnancy. 

Screening test characteristics 

The clinical use of a screening test is dependent, besides on the incidence of the 

condition screened for, on the test-characteristics. The most important characteristic is 

to what extend the test discriminates between affected and unaffected individuals, i.e. 

the accuracy. This can be expressed by the sensitivity, i.e. the proportion of affected 

individuals with a positive test result, and the specificity, i.e. the proportion of 

unaffected individuals with a negative test result, or by the false-positive rate (the 

number of unaffected individuals with a (incorrect) positive test result) and the false-

negative rate (the number of affected individuals with a (incorrect) negative test result. 

The proportion of individuals with a positive test result that were actually affected, is 

expressed as the positive predictive value. And vice versa, the proportion of individuals 

with a negative test result that were unaffected can be expressed as negative predictive 

value. The positive and negative predictive values directly assess the usefulness of the 

test in practice, but are dependent on the prevalence of the condition tested for in the 

study population. 
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The detection rate (sensitivity) and the false-positive rate are influenced by the chosen 

cut off level, the level at which a result is considered as positive. If a higher false-

positive rate is accepted, the detection rate will increase. 

Maternal age 

With the introduction of invasive prenatal diagnostic tests it was clear that karyotyping 

all fetuses was practically and financially impossible. Therefore a method to identify 

women at highest risk was sought. The only known risk factor for having a child with 

Down syndrome at population level was maternal age (Penrose, 1933; Hook, 1992). 

Maternal age is used as selection criterion or screening method (figure 3). 

50 
45 
40 
35 

g 30 
o 
C 25 H 
1 20 

15 
10 H 
5 
0 

maternal age 

Figure 3: Estimated rate per 1000 of a Down syndrome live birth. Data from Cucklee( al. (1987), Hook 
and Chambers ( 1977), and Huether et al. ( 1981 ). The space between the double line represents the range. 

At this moment approximately 14% (CBS, 1997) of the live births in the Netherlands is 

from women 36 years or older, and this percentage is still rising. The incidence of 

Down syndrome increases with this increasing mean maternal age in a population. 

However, the incidence of Down syndrome live births has been stable over the last 25 

years (EUROCAT). This can be attributed to the performances of prenatal diagnosis, for 

a growing proportion of women are eligible for invasive prenatal diagnostic testing. The 

uptake rate of invasive prenatal diagnostic tests has decreased slightly over the past few 

years. In 1991, 47% of the women aged 36 years or older underwent an invasive 

prenatal diagnostic procedure, as compared to 45% in 1996 (WPD, 1999). 
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Biochemical screening 

Second trimester maternal serum screening 
In a screening program for Neural Tube Defects (NTD), by determination of maternal 

serum alpha-feto-protein (AFP) concentration, a relation was detected by chance 

between a low AFP level and Down syndrome (Merkatz et al., 1984). By combining the 

information derived from the AFP level with the patient's age related risk an individual 

risk estimate for each pregnancy could be established (Cuckle et al, 1984). 

In 1987, the finding of higher maternal serum levels of human chorionic gonadotrophin 

(hCG) in women carrying a fetus with Down syndrome was reported (Bogart et al.). 

This glycoprotein hormone consists of an a- and a ß-subunit. The a-subunit is virtually 

the same as in luteinizing hormone (LH), follicle stimulating hormone (FSH) and 

thyrotrophin stimulating hormone (TSH). The ß-subunit is pregnancy specific. Total 

hCG is produced by the syncytiotrophoblast cells and it appears in the maternal 

circulation shortly after implantation. The free ß-subunit is more specific in detecting 

Down syndrome than total hCG (Spencer et al, 1992). The underlying pathology and 

biochemistry for this increase in (free ß-) hCG is unknown. 

The fetal liver also participates in the synthesis of the fetoplacental hormone estriol. 

Canick et al, (1988) studied unconjugated estriol (uE3) in maternal serum and found 

lower levels in fetal Down syndrome. As each marker had a low sensitivity and 

specificity in screening for Down syndrome, measurement of these three markers (AFP, 

hCG and uE3) was combined with maternal age to produce a "triple-test", capable of 

detecting 60% of Down syndrome pregnancies in the general pregnant population, for a 

5% amniocentesis rate (Wald et al., 1988). 

At present, AFP, hCG and uE3 form the basis for second trimester prenatal serum 

screening for Down syndrome. The Gaussian height for the normal and the Down 

syndrome group can be calculated for example for the AFP concentration (figure 4). 

The ratio between the two calculated heights is the likelihood ratio (LR). Down 

syndrome risk is estimated by multiplying the age-related risk for carrying a Down 

syndrome fetus (pre-test odds) with the likelihood ratio. The following formula is used: 

Pre-test odds x likelihood ratio = post-test odds 

(maternal age-related risk x LR = Down syndrome risk) 

The concentrations of the analytes used to calculate the LR is dependent of gestational 

age. Therefore, the results of the measurements of the analytes are expressed as 

multiples of the gestation specific median (MOM). 
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Recently (dimeric) inhibin-A has been added to the existing maternal serum screening 

programs. Cuckle et al. (1996) has estimated that adding the measurement of inhibin-A 

to AFP, hCG and uE3 can increase the Down syndrome detection rate with 7%. 
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Fig 4. Gaussian frequency distributions of a hypothetical test in affected and unaffected populations. The 
likelihood ratio (LR) is calculated from the height of the affected curve divided by the height of the 
unaffected curve; LR = b/a. 

Factors influencing second trimester biochemical screening 

With the aim of optimizing the screening, factors that could influence the results of the 

biochemical tests have been investigated. 

Maternal weight is known to influence the levels of biochemical markers. An increase 

in maternal weight gives a decrease in the concentration of the biochemical markers for 

the same amount of substance is diluted in a greater maternal blood volume. In an 

overweight woman, the test results in a lower AFP level, putting her at increased risk of 

a fetus with Down syndrome, but her hCG concentration is also lower, thereby lowering 

her risk of Down syndrome. There is a small improvement in screening efficiency after 

adjusting for maternal weight (Wald et al., 1992), so in most maternal serum screening 

programs marker levels are adjusted for maternal age. 

Maternal smoking also affects maternal serum screening results. Due to smoking during 

pregnancy, hCG and uE3 are reduced (Bernstein et al., 1989) and AFP levels tend to 

increase (Cuckle et al., 1990). 

Other variants known to influence maternal serum concentrations are race (Watt et al., 

1996), insuline-dependent diabetes mellitus (Wald et al., 1992b), gravidity and parity 

(Barkai et ai, 1996), the result from maternal serum screening in a previous pregnancy 

(Holding and Cuckle, 1994; Dar et ai, 1995), and twin pregnancies (Neveux et ai, 
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1996). Adjusting maternal serum levels for these factors has been shown to have a 

marginal effect on screening performance in the second trimester. 

First trimester maternal serum screening 

With the advances in second trimester maternal serum screening for fetal Down's 

syndrome and the introduction of CVS, the increasing demand for early prenatal 

diagnosis stimulated the search for biochemical markers in the first trimester of 

pregnancy. Screening in the first trimester appears to have many advantages, in 

particular because of earlier and technically easier termination in case of an affected 

pregnancy and earlier reassurance (Kornman et al, 1997). 

In 1986, the association between low maternal serum AFP in the first trimester and fetal 

aneuploidy was reported (Brambati et al, 1986). The other biochemical markers used in 

the second trimester do not work as well in the first trimester as in the second trimester. 

Other serum markers have been studied, as pregnancy-associated plasma protein A 

(PAPP-A), Schwangerschafts protein 1 (SP1), cancer antigen 125 (CA 125), free-beta 

hCG, free-alpha hCG, inhibin and inhibin-A (Cuckle and Van Lith, 1999). Of all these 

markers PAPP-A and free beta-hCG turned out to be useful in discriminating Down's 

syndrome pregnancies from unaffected pregnancies at 8-14 weeks of gestation. PAPP-A 

levels are lower and free-beta hCG levels higher in Down syndrome pregnancies as 

opposed to pregnancies with normal fetuses. The combination of PAPP-A, free-beta 

hCG and maternal age can achieve a detection rate in the first trimester of pregnancy 

comparable to that in the second trimester of pregnancy (Casals et ai, 1999). 

Urine screening 

Most Down syndrome screening protocols have focussed on the analysis of maternal 

serum markers. Screening based on a urine sample has several logistical advantages. 

Beta-core is the major degradation product of free ß-hCG. Several groups have 

measured this degradation product in maternal urine, and median MoM values in Down 

syndrome cases varied between 4.38 and 6.28 (lies, 1996). These results suggest that 

urinary ß-core is superior to any single serum marker. However, these early reports are 

in contrast to later reports, which show variable and inconsistent results (Cole et al., 

1999). If allowed for the individual urinary volume output, or if samples are used that 

are frequently frozen and thawed, results are less impressive. 

Urinary analysis in the first trimester of pregnancy has been shown to be of no value in 

discriminating Down syndrome from unaffected pregnancies (Kornman et al., 1997 ). 
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Ultrasound screening 

Second trimester ultrasound screening for Down syndrome 

Many ultrasound markers for Down syndrome have been suggested, as for example 

nuchal fold, hydronephosis, echogenic bowel, shortening of the humerus and femur 

length, duodenal atresia, cardiac defects, hypoplasia of the middle phalanx of the fifth 

digit, sandal gap, clinodactyly, wider fetal iliac angle, frontal lobe shortening and mild 

ventriculomegaly. Although these findings occur more often in Down syndrome than in 

chromosomally normal fetuses, it is difficult to estimate their positive and negative 

predictive values. To denote when karyotyping should be offered, at what ultrasound 

abnormalities, Benacerraf (1996) suggested a scoring system where a score of two or 

more is reason to offer an invasive procedure. Recently, this sonographic scoring index 

was adjusted (Bromley et al, 1997), and was capable of detecting 75% of Down 

syndrome fetuses to a false-positive rate of 5.7%. Second trimester ultrasound screening 

for Down syndrome is shown to be cost-beneficial only when its overall sensitivity is 

over 74% (Vintzileos et al, 1998). 

First trimester ultrasound screening for Down syndrome 

Improvement in ultrasound resolution made fetal anomalies visible in the first trimester. 

In 1990 the association between a subcutaneous nuchal fluid accumulation in the first 

trimester and trisomy 21 was reported (Szabo and Gellen, 1990). In the first prospective 

study by Nicolai des et al. (1992), measurement of this nuchal fluid accumulation or 

nuchal translucency, as this ultrasound feature was called according to its appearance, 

between 10 and 14 weeks of gestation was shown to be a useful marker for fetal 

aneuploidy, especially Down syndrome. This finding was confirmed by many other 

studies (Nicolaides et ai, 1994b; Brambati et ai, 1995; Taipale et ai, 1997; Pajkrt et ai, 

1998; Snijders et ai, 1998). Despite all these efforts, the exact performance of nuchal 

translucency measurement in detecting Down syndrome is still unclear. The two largest 

studies (Taipale et al, 1997; Snijders et ai, 1998) report detection rates between 54% 

and 72% in an unselected pregnant population. 

The exact morphological background and the aetiology of the nuchal translucency 

remain unclear. Some authors suggest that nuchal fluid accumulation may be the 

consequence of hemodynamic readjustments during cardiovascular development. Hyett 

et al (1998), indeed found that 56% of fetuses with major defects of the heart and great 

arteries showed an enlarged NT at 10 to 14 weeks of gestation. However, most of the 

types of congenital heart defects described in that study would not be expected to 

produce heart failure during prenatal life (Simpson, 1999). 
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Rare genetic syndromes can present prenatally with an enlarged NT at 10 to 14 weeks 

of gestation. Amongst these syndromes detected prenatally or at birth are Smith-Lemli-

Opitz syndrome, Frijns syndrome, EEC syndrome, Stickler syndrome, arthrogryposis, 

Noonan syndrome, Jarco-Levin syndrome and Joubert syndrome (Bilardo et al, 1998; 

Soukkaefa/., 1998). 

Mostly, fetuses showing an enlarged nuchal translucency at first trimester ultrasound 

examination are affected by Down syndrome. Chromosome 21 contains the gene that 

codes for type VI collagen. It is conceivable that one sub-unit of this collagen can be 

over-expressed in Down syndrome, resulting in connective tissue that is more elastic 

(Berger, 1999), and thus can contain more fluid. 

Most pregnancies affected by Down syndrome presenting with an enlarged nuchal 

translucency are being terminated. Only one study did report on the intrauterine lethality 

in Down syndrome fetuses in relation to nuchal translucency (Hyett et al.,1996). Fetuses 

with an enlarged NT showed an almost doubled risk of fetal loss, suggesting that the 

detection rate of Down syndrome fetuses that result in a live birth of children with 

Down syndrome, would be not as high as reported. 

Fetal cells in maternal blood 

Despite many years of research, using a variety of ingenious approaches, the transfer of 

nucleated cells across the placenta from fetus to mother remains a topic of great interest 

and active research, since many problems are as yet unsolved. Attempts of isolating 

fetal nucleated cells from maternal blood samples have been carried out in the hope of 

using these cells to perform prenatal diagnosis by a non-invasive procedure. 

The presence of fetal cells in the maternal circulation was first described in 1893 by 

Schmörl, a pathologist who found throphoblast cells in the peripheral circulation of 

women who had died from pre-eclampsia. The first cytogeneticists who began to search 

for fetal cells in maternal blood were Walknowska et al (1969), who found 

lymphocytes in the maternal circulation containing five acrocentric chromosomes, that 

were thus derived from a male fetus. In the subsequent years, similar findings were 

reported (Grosset et al, 1974; de Grouchy and Trebuchet, 1974). However, the 

presumptive male cells were also observed in blood samples from mothers who later 

delivered a female fetus. The most plausible explanation is that these authors were 

looking at fetal cells from a previous pregnancy. 

In 1979, Herzenberg et al. described a cell sorting technique, fluorescent activated cell 

sorting (FACS) that made it possible to sort for rare cells. Fetal cells are very rare in 

maternal blood, but identification with antibodies against the HLA type of the father 
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was possible. The idea was to sort cells by flow-cytometry containing a paternal allele 

not present in the mother. Only a few sorted cells were confirmed as being fetal. 

With the introduction of the polymerase chain reaction (PCR) many groups renewed 

interest in fetal cells in the maternal circulation. Lo et al. (1989) were the first to use 

PCR to indicate Y-sequences in whole blood of pregnant women carrying male fetuses. 

The original work of this group was performed on unsorted cells. Their findings were 

confirmed by others (Bianchi et al, 1990; Wachtel et al., 1991). Then FISH (fluorescent 

in situ hybridization) was introduced, which made it possible to make a diagnosis of 

aneuploidy on non-dividing, uncultured cells. Many groups were encouraged by this 

new application. Different cell types, enrichment procedures, detection methods and 

monoclonal antibodies were tested, but without conclusive results to which of these was 

the best strategy. 

Table I. Published trials on nucleated red blood cells isolated from maternal blood. 
Year 

(Ref) 
Enrichment 

procedure 
Antibodies Detection N 

Males 

found 
No. of 

fetal cells 
GA 

1991 ' FACS* CD-71-GPA PCR (Y) 
FISH (XY) 

18 
22 

12 of 12 
9 of 14 10-18 

1993 2 MACS* CD-71 FISH (XY) 10 6 of 6 5-23 16-36 

1993 3 FACS CD71-CD36 
G PA PCR (Y) 49 13 of 24 8-19 

1993 4 MACS CD45-CD32 
HbF FISH (XY) 6 4 of 5 2-8 13-17 

1994 5 MACS CD45-CD14 
CD71 PCR(HLA) 11 7 of 11 12-25 

1994 6 

Unsorted FISH (XY) 59 12 of 19 1-12 17-39 

1995 7 

Unsorted FISH (XY) 30 12 of 16 1-57 16-20 

1995 s FACS CD45-CD71 
HbF FISH (XY) 19 12 of 19 1-8 

1997' MiniMACS CD71-GPA 
CD36 FISH (XY) 8 7 of 17 1-16 15-19 

1997 I0 MACS CD45-CD14 
FISH (XY) 34 4 of 17 1-4 11-14 

1998 " CFS ; 
FISH (XY) 17 9 of 10 2417 

10-18 

1998 '2 

Unsorted DAB-HbF FISH (XY) » 10-14 

Fluorescent activated cell sorter (FACS), T Magnetic Activated Cell Sorter (MACS), ; Charged Flow 

Seperation (CFS). 1; Price et al., 2; Gänshirt-Ahlert el al., 3; Bianchi et al., 4; Zeng, 5; Büsch et ai, 6; 

Björkqvist el al., 7; Hamada el al, 8; Simpson and Elias, 9; Campagnoli et al., 10; Jansen et al., 11; 

Wachtel el al., 12; Oosterwijk el al. 
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Among the cell types that have been addressed as target cells are lymphocytes, 

granulocytes, throphoblast cells and nucleated red blood cells. A disadvantage of 

lymphocytes is their long survival in the maternal circulation. Bianchi et al. (1996) 

found fetal lymphocytes in the maternal circulation as long as 36 years after delivery, 

which makes them useless for prenatal diagnosis. Throphoblast cells also have 

disadvantages. A highly specific antibody is not available to sort for these cells. As is 

known from CVS, throphoblast cells can give discrepant results (as confined placental 

mosaicism) since they originate from the placenta. Nucleated erythrocytes (NRBCs) 

stood out to be the best candidate. In table 1 the results of the published trials on fetal 

nucleated red blood cells (NRBCs), the cell type that turned out to be the best candidate, 

are listed. 

Although NRBCs are rare in the maternal circulation of pregnant women, they are even 

rarer in non-pregnant women. Furthermore, there are several antibodies available for 

NRBCs, such as the transferrin receptor, glycophorin-A or fetal hemoglobin. Moreover, 

NRBCs have a very short life span (up to 90 days), so it is impossible that NRBCs 

persist from a previous pregnancy. 

The exact number of fetal cells circulating in maternal blood is very difficult to 

estimate. Estimations from recent studies vary between 0 and 5.7 fetal cells per milliliter 

maternal blood (Hamada et al., 1995; Cheung et al, 1995; Little et al, 1997; Sohda et 

al, 1997; Bianchi et al, 1997). A much higher frequency was reported by Wachtel et 

al. (1996), who used a charged-flow-separation technique, and estimated that several 

thousands of fetal cells were present in maternal blood samples. Various factors are 

thought to influence this number. A previous invasive procedure can cause a feto-

maternal transfusion (Jansen et al, 1997), with a significant increase in fetal cells. 

Recently Bianchi et al. (1997) showed an increase in fetal cell equivalents in aneuploid 

pregnancies using quantitative PCR. 

Psycho-social aspects of prenatal screening 

Besides medical and technical aspects of screening for aneuploidy, there are 

psychosocial aspects to be considered. These aspects, perhaps even more than technical 

ones, determine the overall acceptability of screening in prenatal diagnosis and play a 

major role in deciding what screening policy will be preferred. 

Each woman has to make her own decision about whether or not to take tests, after 

being fully informed about her possibilities (informed consent). A woman's motive may 

be quite different from those of the providers of screening tests. Tests may tell a woman 

that her baby has the particular abnormality screened for, or they may reassure her that 
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it does not. A women who is ambivalent about screening for fetal abnormalities may 

still choose to have a screening test because her need for reassurance takes priority. A 

number of factors contribute to a woman's decision about screening tests. One 

important factor is what Tijmstra (1990) called the "decision regret"; a choice is made 

partly in order to avoid future regret at not having made that choice. Negative feelings 

might arise if it should appear that the "wrong" decision was made. Women may fear, 

and try to anticipate on, the regret they might feel if they avoid prenatal screening or 

diagnosis and then give birth to a child with Down syndrome. When offering screening 

to the whole population, it has to be avoided that screening gets an imperative nature 

(Tijmstra, 1991). Society may feel that it is forced into preventive action. Any handicap 

might be seen as failed prevention or even worse, the result of a patients refusal to 

comply with preventive tests. 

Each program, which aims at finding fetal anomalies, is likely to produce stress and 

anxiety. One advantage of maternal age screening is the fact that pregnant women know 

in advance whether or not they are at a higher risk of having a child with Down 

syndrome. With serum or ultrasound screening, any women may turn out to be at an 

increased risk for this disorder. Many studies have been performed about the anxiety 

level induced by screening. It is known that that the anxiety of screened women rises 

after a screen-positive result, but returns to normal or an even lower level within the 

second trimester of their pregnancy (Marteau, 1992). 

It is important to realize that screening can do harm. Tijmstra (1991) called this the 

prevention paradox: "Screening programs bring much benefit to the population but offer 

little to each participating individual; it is not possible for one person to profit without 

another losing out". All women participating in screening programs must understand the 

distinction between screening and diagnosis; the purpose, limitations and risks of the 

procedures that they undergo and the options for further testing. Inadequate 

understanding may result in uninformed uptake of screening tests as well as uninformed 

decline. Giving adequate information on prenatal screening might not be easy in the 

Dutch prenatal care system (Leschot, 1991), and it must be stressed that the procedures 

offered are screening tests and not diagnostic tests. 

Aim of this thesis 

Second trimester maternal serum screening for Down syndrome clearly shows the 

feasibility of this screening method and its superiority above maternal age screening in 

terms of detection efficiency. A disadvantage of second trimester screening is the 

relative late gestational age at which maternal blood is sampled. Therefore, we 
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investigated whether it is possible to move prenatal screening for Down syndrome into 

the first trimester of pregnancy. 

The aim of the thesis is to answer the following questions: 

1. Can measurement of the nuchal translucency in the first trimester of pregnancy be 

combined with first trimester maternal serum screening for Down syndrome? 

2. Can measurement of the nuchal translucency thickness be introduced in routine 

ultrasound practice ? 

3. Can fetal cells be isolated from the maternal peripheral circulation and be used in 

prenatal diagnosis for Down syndrome? 

4. What prenatal diagnostic or screening test do pregnant women prefer, and at what 

gestational age? 

Thesis outline 

In chapter 2 the efficiency is studied of combined screening with the first trimester 

serum markers PAPP-A, free ß-hCG and AFP, and the ultrasound marker nuchal 

translucency. This is done by a retrospective case-control study. 

Chapter 3 focuses on the co-variables that are known to have an influence on the 

markers used in second trimester maternal serum screening. The influence of maternal 

weight, smoking habits, gravidity and parity on the first trimester markers PAPP-A, free 

ß-hCG and AFP is determined. 

In chapters 4 the average extra time needed to measure the nuchal translucency 

thickness on top of a routine ultrasound examination is studied. The ultrasound 

examinations of women coming for nuchal translucency measurement are recorded, and 

the time interval between the different measurements calculated. 

In chapter 5 the best gestational age at which to measure the nuchal translucency 

thickness is determined. The nuchal translucency thickness is measured weekly in 

pregnant women at a gestational age between 10 and 15 weeks. 
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In chapter 6 the effect is studied of fetal position on the measurement of the nuchal 

translucency thickness. Is the thickness of the nuchal translucency influenced by a prone 

or supine fetal position. 

In chapter 7 is reported of a pregnancy in which an enlarged nuchal translucency was 

seen at 12 weeks, but karyotyping revealed a normal chromosome pattern. The child 

turned out to be affected by Zellweger syndrome. 

Chapter 8 deals with a new approach in prenatal "diagnosis"; the isolation of fetal cells 

in maternal blood. A novel enrichment procedure and automated detection system were 

tested and evaluated. 

In chapter 9 a pregnancy with fetal triploidy is described in which fetal cells isolated 

from the maternal circulation are found with the described method. 

In chapter 10 the opinions, wishes and needs of pregnant women regarding prenatal 

testing for Down syndrome are evaluated. The knowledge about existing prenatal 

diagnostic and screening tests, and the preferences of pregnant women about screening 

tests that will be available in the near future is determined. 
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Chapter 2 

Early pregnancy screening for fetal aneuploidy with serum markers and nuchal 
translucency 

Irene M. De Graaf, Eva Pajkrt, Caterina M. Bilardo, Nico J. Leschot, Howard S.Cuckle 

and Jan M.M. Van Lith 

We determined the aneuploidy detection rate achievable by early pregnancy screening 

with Pregnancy Associated Plasma Protein (PAPP)-A, free-ß human chorionic 

gonadotrophin (hCG) and ultrasound nuchal translucency (NT) measurement. Women 

having prenatal diagnosis were scanned, and a blood sample was taken and stored. 

Stored samples were tested from a total of 37 found to have Down syndrome and 8 with 

Edwards syndrome together with 255 controls. Results were expressed in multiples of 

the gestation specific median (MOM) value in the controls after regression and, for the 

serum markers, maternal weight adjustment. In Down syndrome the medians were for 

PAPP-A 0.63 MOM (95% confidence interval [CI] 0.45-0.87); free ß-hCG 1.88 MOM 

(1.33-2.66); and NT 2.34 MOM (1.70-3.22). Using these parameters the expected 

detection rate for a 5% false-positive rate for different marker combinations were: 

55.3% for PAPP-A and free ß-hCG; 68.4% for NT alone; 84.6% for PAPP-A, free ß-

hCG and NT. The median values for Edwards syndrome were: 0.17 MOM for PAPP-A; 

0.18 MOM for free ß-hCG; 2.64 MOM for NT. Early pregnancy screening with the 

combined measurement of maternal serum PAPP-A and free-ß-hCG and foetal nuchal 

translucency could achieve a high Down syndrome detection rate. 

Prenatal Diagnosis (1999), 19: 458-462. 
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Introduction 

Down syndrome, i.e. trisomy 21, is the most common serious chromosomal anomaly in 

live-born infants. Most women having invasive prenatal diagnosis do so because of 

increased risk of this disorder. Both invasive procedures generally used to make a 

diagnosis, chorionic villus sampling and amniocentesis, carry a risk of fetal loss due to 

the procedure. Mid trimester maternal serum screening is a non-invasive way of 

identifying women at high risk for Down syndrome, with a detection rate of about 60%. 

With mid trimester serum screening the definitive diagnosis by amniocentesis is made 

late and when an affected fetus is found, termination of pregnancy cannot usually be 

offered until at least 18 weeks of gestation. Earlier screening for fetal aneuploidy would 

be desirable. 

Pregnancy Associated Plasma Protein A (PAPP-A) is the single best serum marker in 

early pregnancy reported to date; in Down syndrome levels are decreased by more than 

one-half on average (Van Lith, 1996). In addition, low PAPP-A may be associated with 

Edwards syndrome, i.e. trisomy 18 (Brambati et al, 1991). A second early pregnancy 

serum marker, free ß human Chorionic Gonadotrophin (free-ß-hCG), is almost as 

discriminatory as PAPP-A and in Down syndrome levels are on average about doubled 

(Van Lith, 1996). There are other serum markers such as ct-fetoprotein (AFP) but these 

are of lesser discriminatory value (Van Lith, 1997). 

In addition to the serum markers there are also early ultrasound markers. The most 

effective ultrasound marker for Down and Edwards syndrome, as well as other serious 

aneuploidies, is nuchal translucency (Nicolaides et al, 1998). 

The main aim of the present study was to determine the expected detection rate and 

false-positive rate for Down syndrome achievable by early pregnancy screening with 

the combined measurements of serum PAPP-A and free-ß-hCG and fetal nuchal 

translucency (NT) thickness. We also investigated the value of using AFP as a third 

serum marker for Down syndrome and also the extent to which all four markers are 

altered in Edwards syndrome. We did this by a retrospective case-control study. 

Methods 

All women undergoing invasive prenatal diagnosis at the Academic Medical Centre in 

Amsterdam between 1994 and 1997 were asked to participate. Blood samples were 

obtained at the first antenatal visit at 9 to 15 weeks of gestation. In a proportion of cases 

the blood was taken when the woman came for chorionic villus sampling (CVS) at 10-

14 weeks of gestation. Exceptionally, blood was taken prior to the amniocentesis at 15-
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19 weeks. An initial ultrasound scan for dating and measurement of the nuchal 

translucency thickness was performed at the time of booking or immediately prior to the 

CVS, apart from the women that came immediately for amniocentesis. 

The blood samples were transported to the laboratory within 4 hours, centrifuged and 

stored at -20°C. 

Over the three-year period of the study 37 foetuses with Down syndrome were 

diagnosed. The indications for prenatal diagnosis were advanced maternal age (26), 

enlarged NT (9), parental anxiety and parental carrier status. There were also 8 cases of 

Edwards syndrome with indications: advanced maternal age (7) and anxiety. Over the 

time period of the study all women at the Academic Medical Centre were offered 

routine NT measurement at their first antenatal visit. The cut-off used at that time was 

fixed at 3 mm, regardless of gestational age (Pajkrt et al, 1995). 

The maternal serum samples from the 45 cases, in 5 Down syndrome cases and 1 

Edwards syndrome case repeat test were done, were retrieved from storage together 

with 255 samples from matched unaffected singleton control pregnancies. For each case 

5 controls were selected which were matched for maternal age (within 2 years), 

gestational age (within 2 weeks) and duration of storage of the serum sample (within 2 

months). The majority of blood samples were taken at booking (n=127) or prior to the 

CVS (n=99). Exceptionally blood samples were taken before the amniocentesis (n=10) 

at 15-19 weeks of gestation. In the first year of the study, a few blood samples were 

obtained 17 to 29 days after CVS (n=19). The samples were measured for free-ß-hCG 

and AFP using the DELFIA® dual labelled time-resolved fluorescent assay (EG&G 

Wallac Oy, Turku, Finland). The DELFIA® research assay (CR61-105) was used to 

measure PAPP-A. The analysis was carried out over a two-week period and the samples 

were processed without knowledge of the clinical findings. 

Sonographers performed all scans with at least 2 years experience in diagnostic obstetric 

ultrasound. Using an abdominal curvilinear 3.5 MHz or 5 MHz transducer a sagittal 

image of the fetus was obtained to measure the crown-rump length. At the same time 

the maximum thickness of the subcutaneous translucent area between the skin outline 

echo and the soft tissues overlying the cervical spine was recorded, care being taken to 

distinguish fetal skin from amnion. We measured the NT using an enlarged image with 

the fetus filling three-quarters of the field. The callipers were placed on the white lines 

representing the tissues overlying occiput/spine and the skin ('on to on'), as defined by 

the Fetal Medicine Foundation (Snijders et ai, 1996). Four different ultrasound 

machines were used. One machine, used in the first year of the study for a large 

proportion of women, did not allow measurements of NT to be made to 0.1 mm. If 
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imaging the nuchal translucency was impossible because of fetal position or maternal 

obesity, the measurement was recorded as failed. 

We excluded from the analysis the NT results from 9 cases of Down syndrome and 7 

unaffected pregnancies where the indication for prenatal diagnosis was enlarged NT 

found at routine scan. Also in 11 controls we failed to measure the NT. 

All results were expressed as multiples of the gestation-specific median (MOMs) in 

unaffected pregnancies. For this purpose the gestational age was estimated from the 

ultrasound scan rather than menstrual dates. The median level of all four markers 

(PAPP-A, free-ß-hCG, AFP and NT) was calculated for each completed week of 

gestation. The expected values were obtained by regression of median level on median 

days weighted for the number of women tested. Maternal weight was available in 

almost all pregnancies and to adjust the MOM values for weight each was divided by 

the expected weight-specific MOM. This was obtained by regression analysis using an 

inverse model (Neveaux et al, 1996). 

The Gaussian distribution parameters of logio MOM were estimated for affected and 

unaffected pregnancies from the first sample tested in each pregnancy. The mean was 

estimated from the log median value. To avoid the undue influence of occasional outliers 

the standard deviation was calculated from the 10-90* centile range divided by 2.563. 

Correlation coefficients were obtained directly after excluding outlying values exceeding 3 

standard deviations from the mean. The predicted detection rate for a 5% false-positive 

rate was calculated from these parameters by standard statistical modelling techniques 

(Royston and Thompson, 1992). The maternal age distribution used for this purpose 

was that of the Netherlands in 1997 (CBS). 

Results 

In table 1 the median levels of each marker among the controls for each completed 

week of gestation is shown. The best fitting regression curves, given as a footnote to the 

table are used to calculate MOMs. 

Table 2 shows that the MOM values for the three serum marker decreased with maternal 

weight but the NT did not. The inverse weight regression curves given in the footnote to 

the table are used to adjust values in the rest of the paper. 

In table 3 the Gaussian parameters for Down syndrome and unaffected pregnancies are 

given. The distribution of NT results in unaffected pregnancies had an extended lower 

tail. This is attributable to the imprecision of NT measurement in the first year described 

above. Consequently we used the median to 90th centile range divided by 1.28 to 

estimate standard deviation rather than the 10 - 90th centile range divided by 2.563. Also 
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Table 1. The median levels of each marker among the controls for each completed week 

of gestation. 

Gestation Serum Median levels NT (mm) 

(weeks) tests PAPP-A 

(mIU/L) 

Free-ß 

(ne/ml) 

AFP 

(U/ml) 

Number Median 

9 13 850 89.8 5.80 13 0.80 

10 25 1,600 54.3 6.80 23 1.20 

11 84 1,477 47.6 9.00 75 1.00 

12 55 2,026 49.4 12.7 56 1.65 

13 30 3,318 33.9 16.4 29 1.90 

14 15 6,387 33.9 20.3 18 1.85 

15 33 6,022 19.0 22.7 23 0.90 

The regression analysis yielded the following curves: 

logioPAPP-A=0.67695+0.044962day-0.00015998day2 

freeß-hCG=14.620+16.624exp(-0.037814(day-100)) 

logl0AFP=-1.35626+0.0430949day-0.00017022day2 

logioNT=-6.4496+0.14578day-0.00079708day2 

Table 2. The MOM values for the three serum markers and the NT. 

Maternal Women with serum tests With NT 

Weight 
(kg) Number PAPP-A Free-ß AFP Number Median 

<50 19 1.32 0.99 1.38 17 1.19 

55- 39 1.06 1.03 1.05 38 0.84 

60- 66 0.98 1.02 0.98 60 1.05 

65- 57 1.01 0.95 0.92 56 0.90 

70- 30 0.72 0.95 0.94 29 1.28 

75+ 34 0.79 0.90 0.91 31 1.12 

The regression analysis yielded the following curves for the serum markers: 

PAPP-A=-0.19119+74.646/weight 

free ß-hCG=0.67272+19.654/weight 

AFP=0.15247+53.743/weight 

in the statistical modelling we used a 1 MOM lower truncation limit for NT. For three 

of the markers the median level in Down syndrome pregnancies was significantly 

different from 1 MOM for PAPP-A (0.63 MOM; 95% confidence interval [CI] 0.45-

0.87), for free ß-hCG (1.88 MOM; 95% CI 1.33-2.66); and for NT (2.34 MOM; 95% CI 

1.70-3.22). For AFP the difference was not significant with a median of 0.93 MOM 
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(95% CI 0.77-1.13). Using these parameters the expected detection rate for a 5% false-

positive rate for different marker combinations were: 55% for PAPP-A and free ß-hCG; 

68% for NT alone; 85% for PAPP-A, free ß-hCG and NT; 85% for all four markers. 

Table 3. Parameters of Gaussian distributions. 

Down syndrome Unaffected pregnancies 

All <14 All <14 

Mean 

PAPP-A 0.63 0.56 1.00 0.98 

free ß-hCG 1.88 1.74 1.00 1.00 

AFP 0.93 0.97 1.00 0.98 

NT 2.34 2.07 1.03 1.02 

Standard deviation (login scale) 

PAPP-A 0.352 0.312 0.262 0.262 

free ß-hCG 0.375 0.333 0.269 0.256 

AFP 0.210 0.196 0.194 0.198 

NT 0.300 0.256 0.160 0.152 

Correlation coefficient (li }gin scale) 

PAPP-A & free ß-hCG 0.591 0.485 0.153 0.164 

PAPP-A & NT 0.359 0.099 0.096 0.125 

PAPP-A & AFP 0.097 -0.100 -0.083 -0.017 

free ß-hCG & NT 0.126 -0.116 0.002 0.041 

free ß-hCG & AFP 0.098 -0.021 -0.030 -0.070 

NT & AFP -0.391 -0.389 0.038 0.110 

We also calculated the medians for the subset Down syndrome cases with serum (30) or 

ultrasound (24) results before 14 weeks of gestation. The values were: 0.56 MOM for 

PAPP-A, 1.74 MOM for free ß-hCG, 2.07 MOM for NT and 0.97 MoM for AFP. Using 

these parameters the expected detection rates were: 55% for PAPP-A and free ß-hCG; 

64% for NT alone; 82% for PAPP-A, free ß-hCG and NT; 83% for all four markers. 

In table IV the individual MOMs for the 8 cases of Edwards syndrome are shown. The 

median values were: 0.17 MOM for PAPP-A (95% CI: 0.00-0.34); 0.18 MOM for free 

ß-hCG (95% CI: 0.13-0.23); 2.64 MOM for NT (95% CI: 1.08-4.20) and 1.13 MOM for 

AFP (95% CI: 0.70-1.56). 
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Table 4. Marker levels (MOM) in 8 cases of Edwards syndrome 

Case Gestation PAPP-A Free-ß-hCG NT AFP 

1 8 0.76 027 0.00* 1.29 
2 9 0.45 0.21 7.42 0.57 

3 10 0.17 0.18 0.99 1.88 

4 11 0.04 0.22 2.13 1.80 

5 11 0.08 0.18 3.36 2.38 

6 11 0.17 0.08 3.79 0.99 

7 11 0.26 0.15 1.11 0.99 

8 15 0.11 0.05 4.56 0.83 

17 0.12 0.03 - 0.93 

* actual NT measurement was 0 mm. 

Discussion 

We have confirmed by statistical modelling that a high Down syndrome detection rate 

can be achieved in early pregnancy by using the combined measurement of maternal 

serum PAPP-A and free-ß-hCG and fetal nuchal translucency. 

Our predicted detection rate for PAPP-A and free-ß-hCG is similar to that of other 

studies using the same modelling technique but deriving parameters from their own 

data. We found a 55% detection rate for a 5% false-positive rate and they found 49% 

(Berry et ai, 1997) 51% (Spencer et al, 1994) 56% (Forest et al, 1997), 62% (Wald et 

ai, 1996), and 63% (Krantz et ai, 1996). The higher detection rates in the latter two 

studies, which were performed in the first trimester, can be explained by the known 

tendency for PAPP-A values to rise with gestation. We also calculated the medians for 

the subset of 30 Down syndrome cases with serum values in the first trimester. The 

values were 0.53 MOM for PAPP-A, compared to 0.66 MOM for the whole study 

population. 

Measurement of the nuchal translucency thickness between 10-14 weeks of gestation 

can identify about three-quarters of the fetuses with Down syndrome (Pandya et al, 

1995; Nicolaides et al, 1998). Higher detection rates can be obtained by the combined 

measurement of the first-trimester serum markers and nuchal translucency. In one study 

the combination of free ß-hCG and nuchal translucency thickness is reported to detect 

up to 85% of Down syndrome cases (Noble et al, 1995), at a false positive rate of 5%. 

Our predicted detection rate for NT was 68%. The detection rate for a combination of 

PAPP-A, free-ß-hCG and NT was 85%. One other study has reported the values of all 

47 



Chapter 2 

three markers in the same pregnancy but it only included 4 cases of Down syndrome 

and 5 of Edwards syndrome (Zimmerman et al, 1996). We found that the addition of 

the serum markers PAPP-A and free-ß-hCG to an early pregnancy screening program 

for Down syndrome based on the measurement of the nuchal translucency thickness and 

maternal age adds 17% to the detection rate. In this study the addition of AFP as a 

fourth marker only increased detection by about 1%. 

There is little published information on early pregnancy markers of Edwards syndrome. 

Whilst we only included 8 cases, the actual values are given (table 4), so that others can 

include them in meta-analysis as more data become published. 

A Study Group of the Royal College of Obstetricians and Gynaecologists (1997) has 

recommended that there is now sufficient evidence to support routine first trimester 

serum screening either alone or in combination with NT. A recent survey of women's 

opinions in the Netherlands showed a clear preference for earlier screening (Kornman et 

al, 1997). They cited an easier termination, if required, and earlier reassurance as the 

main advantages. 
In our opinion when first trimester screening is carried out it should be based on a 

combination of maternal age, serum markers and nuchal translucency. Prospective 

studies are needed to confirm our results before they can be used in routine clinical 

practice. 

Acknowledgements 

We thank Dr E. Endert for the use of his laboratory facilities and M. Broenink for 

carrying out the serum marker tests. 

References 

Berry, E., Aitken, D.A., Crossley, J.A., Macri, J.N., Connor, J.M. (1997). Screening for 

Down's syndrome: changes in marker levels and detection rates between first and 

second trimesters. Br. J. Obstet. Gynaecol.,104: 811-817. 

Brambati, B., Lanzani, A. and Tului, L. (1991). Ultrasound and biochemical assessment of 

the first-trimester pregnancy. In: Chapman M, Grudzinskas G, Chard T, eds. The 

Embryo: normal and abnormal development and growth. Berlin, Springer-Verlag, 

181-194. 

CBS (1998), Centraal Bureau voor de Statistiek. Statistisch Jaarboek, Voorburg/ 

Heerlen. 

48 



Serum markers and NT 

Forest, J.C., Masse, J. and Moutquin, J.M. (1997). Screening for Down syndrome during 

first trimester: a prospective study using free ß-human chorionic gonadotropin and 

pregnancy-associated plasma protein A. Clin. Biochem., 30: 333-338. 

Kornman, L.H., Wortelboer, M.J.M., Beekhuis, J.R., Morssink, L.P., Mantingh, A. 

(1997). Women's opinions and the implications of first- versus second- trimester 

screening for fetal Down's syndrome. Prenat. Diagn., 7: 1011-1018. 

Krantz, D.A., Larsen, J.W., Buchanan, P.D., Macri, J.N. (1996). First-trimester Down 

syndrome screening: free ß-human chorionic gonadotropin and pregnancy-associated 

plasma protein A. Am. J. Obstet. Gynecol., 174: 612-616. 

Lith van, J.M.M. (1996). Markers for Down's syndrome in early pregnancy. Early Human 

Development, 47 Suppl.: 27-29. 

Lith van, J.M.M. (1997). Maternal serum markers for aneuploidy in early pregnancy. In: 

Grudzinskas JG, Ward RHT, eds. Screening for Down's syndrome in the first 

trimester. London: Royal College of Obstetricians and Gynaecologists, 163-169. 

Neveux, L.M., Palomaki, G.E., Larrivee, D.A., Knight, G.J., Haddow, J.E. (1996). 

Refinements in managing maternal weight adjustment for interpreting prenatal 

screening results. Prenat. Diagn., 16: 1115-1119. 

Nicolaides, K.H., Snijders, R.J.M, and Cuckle, H.S. (1998). Correct estimation of 

parameters for ultrasound nuchal translucency screening (letter). Prenat. Diagn., 18: 

519-523. 

Noble, P.L., Abraha, H.D, Snijders, R.J.M, Sherwood, R, Nicolaides, K.H. (1995). 

Screening for fetal trisomy 21 in the first trimester of pregnancy: maternal serum 

free ß-hCG and fetal nuchal translucency thickness. Ultrasound obstet. Gynecol, 

6: 390-395. 

Pajkrt, E, Bilardo, C, van Lith, J , Mol, B.W., Bleker, O.P. (1995). Nuchal 

translucency measurement in normal fetuses. Obstet. Gynecol, 86: 994-997. 

Pandya, P.P., Snijders, R.J.M, Johnson, S.P, De Lourdes Brizot, M, Nicolaides, K.H. 

(1995). Screening for fetal trisomies by maternal age and fetal nuchal 

translucency thickness at 10 to 14 weeks of gestation. Br. J. Obstet. Gynaecol, 

102: 957-62. 

Royal College of Obstetricians and Gynaecologists. Recommendations arising from the 

32nd Study Group: Screening for Down's syndrome in the first trimester (1997). In: 

Grudzinskas JG, Ward RHT, eds. Screening for Down's syndrome in the first 

trimester. London: Royal College of Obstetricians and Gynaecologists, 353-356. 

Royston, P. and Thompson, S.G. (1992). Model-based screening by risk with 

application to Down's syndrome. Stats, in Med, 11: 257-268. 

49 



Chapter 2 

Snijders, R.J.M., Johnson, S., Sebire, N.J., Noble, P.L., Nicolaides, K.H. (1996). First 

trimester ultrasound screening for chromosomal defects. Ultrasound Obstet. 

Gynecol., 7: 216-226. 

Spencer, K., Aitken, D.A., Crossley, J.A., McLaw, G., Berry, E., Anderson, R., Connor, 

J.M., Macri, J.N. (1994). First trimester biochemical screening for trisomy 21: the 

role of free beta hCG, alpha fetoprotein and pregnancy associated plasma protein A. 

Ann. Clin. Biochem., 31: 447-454. 

Wald, N.J., George, L., Smith, D., Densem, J.W., Petterson, K. (1996). Serum screening 

for Down's syndrome between 8 and 14 weeks of pregnancy. Br. J. Obstet. 

Gynaecol., 103:407-412. 

Zimmermann, R., Hucha, A., Savoldelli, G., Binkert, F., Achermann, J., Grudzinskas, 

J.G. (1996). Serum parameters and nuchal translucency in first trimester screening 

for fetal chromosomal abnormalities. Br. J. Obstet. Gynaecol., 103: 1009-1014. 

50 



Chapter 3 

Co-variables in first trimester maternal serum screening 

Irene M. de Graaf, Howard S. Cuckle, Eva Pajkrt, Nico J. Leschot, Otto P. Bleker and 

Jan M.M. van Lith 

We determined the influence of maternal weight, smoking habits, gravidity, parity and 

fetal gender on the level of maternal serum marker used in first trimester screening for 

Down's syndrome. A total of 2449 singleton unaffected pregnancies from two centres 

were studied. Maternal serum free ß human chorionic gonadotropin (hCG) and a-

fetoprotein (AFP) concentrations had been measured in all pregnancies and pregnancy 

associated plasma protein (PAPP)-A levels had been measured in 924. All results were 

expressed as multiples of the gestation specific median (MOM) values after regression, 

using each centre's own medians. Information on maternal weight was available in 2259 

pregnancies, on self-reported current cigarette smoking in 1364, of whom 117 (8.6%) 

were smokers, on gravidity in 1371, parity in 1303 and fetal gender in 253. Maternal 

weight showed a statistically significant negative association with all three markers 

(PO.OOOS) and in the subsequent analyses MOM values were weight adjusted using 

standard methods. The median PAPP-A level in smokers was 0.81 MOM, a 

significantly significant reduction (PO.005); free ß-hCG was also reduced (median 

0.89 MOM) but not significantly (P=0.17), and AFP was unaltered. The median AFP 

level in primagravidae was highly significantly greater than that in gravid women 

(PO.0005). In PAPP-A the reverse effect was seen but it did not reach statistical 

significance (P=0.15) and there was no effect for free ß-hCG. Results of a similar 

magnitude and direction were found for parity. The median level of free ß-hCG was 

higher, and median AFP lower in female pregnancies. We concluded that maternal 

weight and, for PAPP-A, maternal smoking are important first trimester screening co-

variables. Gravidity, parity and fetal gender also has an influence on one or more first 

trimester marker. 

Submitted for publication. 
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Introduction 

Prenatal screening for Down syndrome based on the analysis of biochemical markers in 

maternal serum during the second trimester of pregnancy is routinely carried out in 

many countries. The combination of multiple markers (e.g. a-fetoprotein (AFP), human 

chorionic gonadotrophin (hCG) or free ß-hCG and unconjugated oestriol (uE3)) can 

achieve detection rates of 60 per cent or more. Various factors are known to influence 

these serum marker concentrations in singleton pregnancies including maternal weight, 

maternal smoking habits, gravidity, parity and fetal gender as well as insulin dependent 

diabetes mellitus, ethnicity, assisted reproduction, vaginal bleeding and maternal serum 

screening result in a previous pregnancy. Most centres correct levels for maternal 

weight which leads to a small increase in the detection rate, or to a reduction in the 

false-positive rate. Some centres allow for additional co-variables. 

Moving Down syndrome screening into the first trimester of pregnancy would appear to 

have many advantages. With mid-trimester serum screening the definitive diagnosis by 

amniocentesis is made relatively late, and this leads to late termination of pregnancy 

when an affected fetus is found. Many retrospective studies have been performed on the 

efficiency of first trimester serum screening and the results have been combined in a 

meta-analysis (Van Lith, 1996; Cuckle and Van Lith, 1999), showing that multiple 

marker combinations including pregnancy associated plasma protein (PAPP)-A and free 

ß-hCG with or without AFP have a similar discriminatory power to second trimester 

combinations. 

However, little is know about co-variables of first trimester maternal serum screening. 

We therefore carried out a study to evaluate maternal weight, smoking habits, gravidity, 

parity and fetal gender as potential co-variables. 

Methods and Results 

Data were amalgamated from two studies with a total of 2449 unaffected pregnancies 

tested at 9-13 weeks gestation. In Amsterdam, the series comprised 258 women tested 

retrospectively for PAPP-A, free ß-hCG and AFP as part of a case-control study on the 

screening effectiveness of combining serum markers with the ultrasound marker nuchal 

translucency. The study methods and results have been described in detail previously 

(de Graaf ei al., 1999). In Leeds, the series comprised 2191 women tested prospectively 

for free ß-hCG and AFP, and for 904 who presented before 13 weeks PAPP-A was also 

tested. 
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The same assay reagents were used in both centres: free ß-hCG and AFP was tested 

using the DELFIA® dual labelled time-resolved fluorescent assay (EG&G Wallac Oy, 

Turku, Finland) and PAPP-A was tested using a DELFIA® research assay (CR61-105) 

supplied by EG&G Wallac. All results were expressed as multiples of the normal 

gestation-specific median (MOMs) derived from regression analysis. A regression was 

performed for the weekly median levels on median days weighed for the number of 

women tested. For this purposes each centre used its own medians. In Amsterdam the 

regression equations were: 

log,0PAPP-A=0.67695+0.044962day-0.00015998day2 

freeß-hCG=14.620+16.624exp(-0.037814(day-100)) 

logioAFP=-1.35626+0.0430949day-0.00017022day2 

and in Leeds: 

PAPP-A=7669.84-270.995day+2.49259day2 

free ß-hCG=425.377-8.08953day+O.0517226day2-0.0001084day3 

AFP=16.2449-0.671714day+0.00715563day2 

Information on maternal weight, maternal smoking, gravidity and parity was sought at 

the time of sample collection either from the patient or her medical record. In Leeds, 

apart from weight this information was not sought for the entire study period. Overall 

maternal weight was available in 2259 pregnancies, current cigarette smoking in 1364, 

of whom 117 (8.6%) were smokers, on gravidity in 1371 and parity in 1303. Detailed 

outcome information was not available for the Leeds series but in Amsterdam all 

women had chorionic villus sampling and information on fetal gender was available 

except for 5 who miscarried before the karyotype was performed. 

Maternal weight 

Table 1 shows the median marker levels for each of 10 maternal weight groups. For 

each marker there was an inverse relationship between the median MOM level and 

weight which reached statistical significance (P<0.0005). Regression of median value 

against median weight yielded the following equations: 

PAPP-A = -0.246467+79.2916/weight 

free ß-hCG = 0.176187+53.701453/weight 

AFP =0.406382+37.7406/weight. 
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In the subsequent analyses all MOMs were adjusted for maternal weight by dividing the 

observed MOM by that expected for the maternal weight using these equations. The 

median weight was identical in each centre (64 kg) so that the overall medians were 

similar: for PAPP-A 0.98 MOM in Amsterdam and 1.03 MOM in Leeds; for free ß-

hCG 1.01 MOM and 0.99 MOM ; for AFP 1.02 MOM and 0.99 MOM respectively. 

Table 1. Marker levels in MOMs according to maternal weight. 

Maternal PAPP-A Free ß-hCG AFP 

weight (kg) Median (No.) Median (No.) Median (No.) 

<50 1.56 (23) 1.27 (71) 1.14 (71) 

50-54 1.29 (82) 1.22 (208) 1.16 (208) 

55-59 1.05 (168) 1.09 (433) 1.04 (431) 

60-64 1.07 (182) 1.00 (469) 1.04 (469) 

65-69 1.05 (154) 1.09 (394) 0.97 (394) 

70-74 0.74 (98) 0.92 (263) 0.94 (263) 

75-79 0.80 (66) 0.82 (179) 0.90 (179) 

80-84 0.85 (37) 0.92 (90) 0.82 (90) 

85-89 0.70 (17) 0.83 (65) 0.83 (65) 

90+ 0.46 (30) 0.60 (86) 0.79 (86) 

Smoking 

Table 2 shows the median MOM value for each marker in smokers and non-smokers. 

The reduction in PAPP-A levels among women who smoked during pregnancy was 

statistically significant (Wilcoxon Rank Sum Test, 2-tail F<0.005). The median level of 

free ß-hCG was also reduced among smokers but this did not reach significance. There 

was no material difference in AFP levels between smokers and non-smokers. 

Table 2. Marker levels in MOMs according to smoking status during pregnancy. 

Status 
PAPP-A 

Median (No.) 

free ß-hCG 

Median (No.) 

AFP 

Median (No.) 

Smoker 

Non-smoker 

0.81 (52) 

1.07 (703) 

0.89 (117) 

1.00 (1247) 

1.00 (117) 

0.97 (1245) 

P-value 0.0028 0.17 0.67 
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Gravidity and parity 

Table 3 shows the median marker levels according to gravidity. The median AFP level 

in primagravidae was highly significantly greater than that in gravid women (Wilcoxon 

Rank Sum Test 2-tail PO.0005). In PAPP-A the reverse effect was seen, although it did 

not reach statistical significance (P=0.15), but free ß-hCG had no such effect. Results of 

a similar magnitude and direction were seen for parity. 

Table 3. Marker levels in MOMs according to gravidity, parity and previous miscarriages. 

PAPP-A Free f -hCG AFP 

Median (No.) Median (No.) Median (No.) 

Gravidity 

0.96 (181) 1.01 (324) 1.04 (324) Gl 0.96 (181) 1.01 (324) 1.04 (324) 

G2 1.03 (272) 0.98 (485) 0.95 (484) 

G3 1.06 (160) 0.99 (293) 1.01 (292) 

G4 1.00 (87) 1.01 (151) 0.89 (151) 

G5 1.18 (43) 0.97 (77) 0.91 (77) 

>G5 1.21 (21) 0.97 (41) 1.00 (41) 

Parity 

0.98 (226) 1.02 (357) 1.05 (356) 0 0.98 (226) 1.02 (357) 1.05 (356) 

1 1.03 (301) 1.00 (543) 0.94 (542) 

2 1.01 (117) 0.94 (225) 0.99 (225) 

>2 1.33 (52) 1.01 (98) 0.88 (98) 

Miscarriages 

0 1.03 (440) 0.98 (774) 0.97 (774) 

1 0.99 (161) 1.01 (297) 0.98 (295) 

2 1.02 (62) 1.01 (102) 0.96 (102) 

>2 1.17 (33) 0.97 (50) 0.98 (50) 

Fetal gender 

Table 4 shows that there was a significant increase in free ß-hCG (Wilcoxon Rank Sum 

Test; P< 0.005) and a not significant reduction in AFP among female fetuses. There was 

no difference in maternal serum PAPP-A levels according to gender. 
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Table 4. Median marker level in MOMs according to fetal gender. 

Gender No. PAPP-A free ß-hCG AFP 

Male 

Female 

127 

126 

0.99 

1.01 

0.88 

1.04 

1.04 

0.96 

Discussion 

We have shown that maternal weight and, for PAPP-A, maternal smoking are important 

first trimester screening co-variables. Gravidity and parity seem to influence AFP, 

where fetal gender has an influence on AFP and free ß-hCG. 

Two other studies have found an inverse association between first trimester markers and 

maternal weight (de Graaf ê  al, 1999; Tsukerman et al, 1999). A simple explanation 

for these findings and similar associations in the second trimester is that the same 

amount of marker is more diluted in heavier women since they have larger blood 

volumes. For AFP and free ß-hCG the magnitude of the association was similar to that 

seen in the second trimester. 

Our study is the first to show that smoking during pregnancy is significantly associated 

with reduced levels of maternal serum PAPP-A. Data on smoking habits were self-

reported, but this has been shown to be an accurate method of assessing smoking status 

(Patrick et al, 1994). PAPP-A is predominantly synthesised by the 

syncytiothrophoblast. The human placental syncytiothrophoblast undergoes apoptosis, 

and smoking during pregnancy inhibits this apoptosis (Marana et al, 1998). 

Throphoblast apoptosis is associated with modifications of the feto-maternal exchange, 

and this can explain the reduced levels of maternal serum PAPP-A. 

No other first trimester studies of free ß-hCG and AFP in relation maternal smoking 

during pregnancy have been published but smoking is known to influence these markers 

in the second trimester. Pregnant women who smoke have slightly higher levels of 

maternal serum AFP (Cuckle et al, 1990; Palomaki et al, 1993; Bartels et al, 1993; 

Spencer, 1998) and much lower levels for both total hCG (Bernstein et al, 1989; 

Cuckle et al, 1990; Bartels et al, 1993; Palomaki et al, 1993; Wheeler et al, 1994; 

Perona et al, 1998) and free ß-hCG (Spencer, 1998). Janiaux and Burton (1992) have 

postulated that morphological changes to the villus barrier and the throphoblasts in the 

placenta of women who smoke may explain these disturbances in the synthetic activity 

of hCG or the increased permeability to AFP. Our first trimester free ß-hCG results and 

AFP results, although not statistically significant are consistent with the second 

trimester reports. 
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In our study a higher gravidity and parity negatively affects AFP, and seems to increase 

PAPP-A but leaves free ß-hCG concentrations unaltered. Several studies have reported 

on AFP, total and free-ß hCG in relation to this in the second trimester (Haddow et al, 

1995; Zimmermann et al, 1995; Spencer, 1995; Wald & Watt, 1996; Barkai et al, 

1996; Westrom et al, 1996). There was no clear pattern for AFP but most studies found 

a negative relationship between hCG and gravidity or parity. Our findings in the first 

trimester are not in accordance with these second trimester results. 

In the second trimester some studies have reported that among pregnancies with a 

female fetus there is a significantly lower maternal serum AFP and higher hCG levels 

than for males (Leporrier et al, 1992; Szabó et al, 1995; Bazzett et al, 1998). In our 

study median marker levels of AFP are lower and of free ß-hCG higher in fetuses that 

were found to be female. These results suggest that the calculated risk for Down 

syndrome for female fetuses is higher than for males, despite the fact that the incidence 

of Down syndrome is similar in both genders. This could mean a higher unnecessary 

invasive testing rate in female fetuses and a sub-optimal detection rate in males. The 

clinical significance of this difference, if any, for fetal sex cannot be reliably determined 

by ultrasound in the first trimester, has not been evaluated thus far. 

In conclusion, maternal weight and smoking significantly influences, where gravidity, 

parity and fetal gender only slightly influences first trimester serum marker 

concentrations. More data on first trimester serum screening needs to be collected to 

determine the extent to which Down syndrome risk calculation should be modified for 

these factors. 
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Chapter 4 

Can measurement of the nuchal translucency thickness be introduced in a routine 

ultrasound practice? 

Irene M. de Graaf, Moira Müller, Simone Lunshof, Anouk A. van Zuylen-Vié, Otto P. 

Bleker and Caterina M. Bilardo 

We determined the extra scanning time needed to measure the nuchal translucency 

thickness during ultrasound examination for dating of pregnancy. All women visiting 

our department for antenatal care at the time of booking scan, and who consented to 

have the nuchal translucency thickness measured, were included. All these women 

received written information about nuchal translucency screening in advance. 

Ultrasonographers that were trained and acknowledged by the Fetal Medicine 

Foundation performed the ultrasound scans. The ultrasound scans (n=160) were 

performed transabdominally, unless visualisation was poor in which case vaginal 

ultrasonography was used (n=2). Pictures were taken to document the beginning, the 

end and all the intermediate steps (CRL, BPD and NT) of the examination. The time 

difference between the pictures was recorded. The average time needed for a first 

trimester ultrasound scan including measurement of the nuchal translucency thickness 

was almost 9 minutes. The extra time needed for nuchal translucency measurement on 

top of a first trimester ultrasound scan was almost 5 minutes. No significant correlation 

was found between the scanning time and gestational age or maternal weight, but a clear 

variation during the day was noticed. We conclude that performance of nuchal 

translucency screening fits well within the time schedule of a routine ultrasound 

practice, assuming that the women are counselled in advance. 

Submitted for publication. 
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Introduction 

In 1990 the association between a subcutaneous nuchal fluid accumulation in the first 

trimester and trisomy 21 was first reported (Szabo and Gellen). In 1992, Nicolaides et 

al. introduced the term "nuchal translucency" to describe the nuchal fluid collection, as 

this was the ultrasonographic feature being observed. In the first prospective study in a 

high-risk population a Down syndrome detection rate of 85% was reported, for a 4.5% 

false positive rate (FPR), using a combination of nuchal translucency measurement and 

maternal age (Nicolaides et al, 1994). 

In our Center the Down syndrome detection rate achieved by measurement of the 

nuchal translucency thickness and maternal age was 69% at a FPR of 4.6 per cent, and 

the success rate to measure the nuchal translucency was 95,7% (Pajkrt et al, 1998a). 

A few studies report a lower detection rate (Shulman et al, 1995; Bewley et al, 1995; 

Brambati et al, 1995; Komman et al, 1996) and the latter concludes that nuchal 

translucency cannot be used as a screening test for chromosomal abnormalities in the 

first trimester of pregnancy in a routine ultrasound practice. Kornman et al. reported a 

detection rate for Down syndrome of 29%, and a success rate in measuring the nuchal 

translucency of only 58%. The latter may partly be due to the fact that many women 

were scanned before 10 weeks of gestation, whereas the optimal gestational age to 

measure the nuchal translucency is 12 weeks (Pajkrt et al, 1998 b), and that 3 minutes 

was considered the maximum extra time that a busy ultrasound practice could afford for 

NT measurement. 

The aim of this study was to determine the time needed to measure systematically the 

nuchal translucency thickness and to investigate the effect of gestational age and 

maternal weight on it. 

Methods 

All women visiting our antenatal clinic or prenatal diagnostic centre get information 

about first trimester ultrasound scan and nuchal translucency measurement as screening 

for Down syndrome. Prior to their first hospital visit an information leaflet is send to 

their home address. Consecutive women at a gestational age of 11 to 14 completed 

weeks, who gave written informed consent to have the nuchal translucency thickness 

measured, were included in this study (n=160). 

In all cases a trans-abdominal ultrasound examination was performed with a curvilinear 

3.5 MHz transducer (ATL 800 or Toshiba SSA 250A, Tokyo, Japan). When 

visualisation was poor a trans-vaginal 9.5 MHz transducer was used. The 
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ultrasonographers performing the scans are trained and acknowledged by the Fetal 

Medicine Foundation. 

The maximum thickness of the nuchal translucency was visualised in a sagittal plane of 

the fetus, which filled at least three-quarters of the ultrasound- screen. The callipers 

were placed on the white lines representing the fetal skin and the tissues overlying the 

occiput and the spine. Care was taken to distinguish between amnion and fetal skin. 

Pictures were printed at the beginning of the ultrasound examination, after every 

biométrie measurement (Crown-Rump-Length (CRL), Bi-Parietal Distance (BPD) and 

nuchal translucency thickness (NT)), and at the end of the examination. On each picture 

the actual time was displayed. In this way the total length of the examination, and the 

extra time necessary for NT measurement could be calculated. We investigated whether 

variables such as gestational age (according to CRL), maternal weight or time of the day 

could influence the time needed to perform a good nuchal translucency measurement. 

The measurement of the nuchal translucency thickness was scored retrospectively by 

using a scoring method developed by Herman et al. (1998). 

Results 

One hundred and sixty ultrasound examinations were included in the study. Four 

ultrasonographers participated in this study. The ultrasonographers were instructed to 

take sufficient scanning time for an optimal ultrasound examination and a good nuchal 

translucency measurement. 

The average time needed for an ultrasound examination including a good NT 

measurement was 8 minutes and 47 second (range 1.31- 40.52 minutes, 5th to 95th 

percentile: 3.28 minutes-22.2 minutes). The extra time necessary to measure the nuchal 

translucency thickness on top of a dating scan could be precisely calculated from the 

time displayed on the prints. CRL and BPD were usually measured first (140 cases), 

apart from 20 cases in which NT measurement preceded the biometrical assessment. 

The extra time needed for a good NT measurement was 4.43 minutes (range 0.1- 31.51 

minutes, 5th to 95th percentile: 0.55 minutes-15 minutes). 

In 62 cases the NT was measured only once. A high score (6 or more) was achieved in 

93% of the first attempts. In 98 cases the NT was measured repeatedly, the first 

measurement scored 6 or more in 70% of the cases. But the score improved at repeat 

measurement in 65% of the cases. The main problems encountered in obtaining an 

optimal view for NT measurement were an inappropriate fetal position or fetal 

immobility. 
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The relationship between gestational age (according to CRL) and the time necessary for 
an ultrasound examination is reported in figure 1. 

No significant correlation was found between gestational age and scanning time. 
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Figure 1. Scanning time in relation to gestational age. Open bars represent the NT measurement time, and 
the solid bars represent the total scanning time. 

Similarly no correlation could be found between maternal weight and scanning time, 

given that only a few women in this study weighted more than 100 kg. 

In almost all cases the NT could be measured satisfactory using a transabdominal probe. 

In 2 cases (0.8%), a transvaginal approach had to be used because of poor vision. To 

switch from a transabdominal to a transvaginal approach took on average 20 minutes. 

Also the time needed for the fetus to assume a suitable position for an optimal NT 

measurement took longer (9.30 minutes) with this approach than when using an 

transabdominal probe. 

The effect of hour of the day on the duration of the scanning session are shown in figure 

2. In our clinic ultrasound examinations are scheduled from 8.00 to 17.00 hour, every 15 

minutes. Between 12.00 and 14.00 hour less examinations are scheduled because of the 

lunch break. 

In table 1 a time schedule is given. If scanning time is limited to 15 minutes, in 140 

cases (87.5%) fetal biométrie and NT assessment would be obtained. This means that 20 

appointments should have been rebooked. Without measuring the NT, in almost all 

cases (157) fetal biometry was obtained within 15 minutes. For this study every 20 

minutes a new patient was booked, which can explain that after 20 minutes for only 5 

patients a new appointment had to be made. 
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Figure 2. Scanning time in relation to hour of the day. Open bars represent the NT measurement time, and 

the solid bars represent the total scanning time. 

Table 1. Time-scheme. 

Scanning time (min.) US with NT No. rebooked US without NT 

No. (%) No. (%) 

5 42 (26) 118 118 (74) 

10 116 (73) 44 154 (96) 

15 140 (88) 20 157 (98) 

20 159 (97) 11 160 (100) 

>20 160 (100) 5 

Discussion 

This study demonstrates that a first trimester ultrasound scan including measurement of 

the NT thickness takes almost 9 minutes. The extra time needed for NT measurement 

was almost 5 minutes. Routine nuchal translucency measurement can fit within the time 

schedule of a busy routine ultrasound practice. 

Our study-population consisted of previously informed women. An information leaflet 

was send to the patient's home a (few) week(s) before the ultrasound examination, with 

information on first trimester ultrasound examination and the nuchal translucency 

screening. Women can choose for an ultrasound examination with or without 

measurement of the nuchal translucency thickness. In the information leaflet it is clearly 
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emphasised that measuring the NT is optional and will not be carried out without 

informed consent of the patient. It can be argued that explaining the principles of NT 

measurement, and its implications, may be quite time consuming, taking on its own 

already most of the time available for the ultrasound examination. From a recent 

discussion in the British Medical Journal (Venn-Treloar, 1998) we understand that in 

some practices in the UK the NT is measured routinely, without informing the patient of 

this screening test. In our opinion patients need to be informed about nuchal 

translucency screening and about the implications beforehand and not only if the NT 

thickness is enlarged. 

In this study the majority of patients were at a gestational age between 12 and 13 weeks, 

and the success rate in measuring the NT was 100%. In another study (Kornman et al., 

1996) a much lower success rate is reported. Possible explanations are the gestational 

age at which the measurements were done, many women came before 10 weeks' 

gestation, and a fixed time limit to measure the NT set at 3 minutes. In our study the 

success rate in measuring the NT within this time limit would also be as low as 49% for 

an optimal measurement, and 73% for any measurement. 

Informing the patients in advance enables scheduling of appointments for ultrasound 

examination between 11 and 13 weeks of gestation, which is the optimal time to 

measure the NT. In a previous study (Pajkrt et al., 1998b), in which the longitudinal 

course of the nuchal translucency thickness was studied, we reported that after 76 days 

of gestation a visible NT was found in 97% of the fetuses, and after 84 days' gestation 

in 100%. 

In our study we did not find an optimal gestational age at which to measure the nuchal 

translucency for time sparing. Ergiin et al. ( 1998) reported the mean duration to obtain 

the best view of the fetus for NT measurement and gross fetal anatomy to be 8.32, 6.51, 

3.12, 7.24, and 10.31 minutes at 10, 11, 12, 13, and 14 weeks' gestation, respectively. 

The authors did not specify what was meant with studying gross fetal anatomy. This 

could explain why this enormous variation with gestation could not be reproduced in 

our study. 

The variation we found regarding the time of the day and the average scanning time 

may be explained by a low maternal blood glucose level which may influence fetal 

movements. When measuring the NT thickness, a fetal movement away from the 

amnion is awaited. An immobile fetus can extend the scanning time significantly. No 

information about the maternal blood glucose levels during ultrasound examination was 

available to support or exclude this hypothesis. Another possible explanation is a 

circadian rhythm in fetal rest- activity status. However, data on first trimester fetuses 

are, to our knowledge, not available. 
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In conclusion, this study investigates the extra time needed for a good measurement of 

the nuchal translucency thickness. To imply this ultrasound screening method into a 

busy routine ultrasound practice, women should be informed in advance. If an 

ultrasound examination is scheduled every 15 minutes, the nuchal translucency 

measurement fits well within the schedule. 
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Weekly Nuchal translucency measurement in normal fetuses 

Eva Pajkrt, Irene M. de Graaf, Ben W.J. Mol, Jan M.M. van Lith, Otto Bleker and 

Caterina M. Bilardo 

We determined the longitudinal course of nuchal translucency thickness by weekly 

measurements between 10 and 15 weeks' gestation in normal fetuses. 

The nuchal translucency was measured weekly from 10 to 15 weeks' gestation in 64 

fetuses with normal pregnancy outcome. The median and the fifth, 25 , 75 , and 95 

percentile was calculated. 

Nuchal translucency measurement varied considerably with gestational age; this 

variation followed a fetus-specific pattern. In 94% of cases, we observed an increase 

followed by a steady decrease in nuchal translucency measurement. A visible nuchal 

translucency was found after 76 and 86 days' gestation in 97% (95% confidence 

interval (CI): 89-100) and 100% (95% CI: 94-100) of the fetuses, respectively. The 

median nuchal translucency increased from 0,7 mm at 70 days' gestation to 1.7 mm at 

91 days' gestation, after which it declined to 1.0 mm at 105 days' gestation. 

We concluded that a progressive increase and subsequent decrease in nuchal 

translucency thickness occurs with advancing gestation in most fetuses, but the timing 

of the peak thickening appears to be fetus-specific. In this study, each fetus developed a 

visible nuchal translucency. If the nuchal translucency measurement is 0 mm before 12 

weeks, it may be advisable to repeat the measurement at 12 weeks' gestation. In 

contrast, a nuchal translucency that cannot be measured from 12 weeks' gestation 

onward suggest that this temporary entity is already in its waning phase. 

Obstetrics & Gynecology ( 1998), 91: 208-211. 

69 



Chapter 5 

Introduction 

The appearance and disappearance of a translucent area between the skin outline and the 

soft tissue overlying the cervical spine (nuchal translucency) continuous to be a poorly 

understood feature in fetuses during the late-first and early-second trimester. This 

ultrasound finding can be imaged routinely in normal fetuses in between 10-14 weeks of 

gestation (Hertzberg et al., 1989). Despite lack of knowledge of the physiologic 

background and mechanism leading to this feature, it is accepted widely that an 

enlarged nuchal translucency is a marker for fetal aneuploidy (Nicolaides et al, 1992). 

In a previous study (Pajkrt et al., 1995), we reported the physiologic variation in nuchal 

translucency thickness in relation to gestational age in chromosomally and 

phenotypically normal fetuses between 9 and 14 weeks' gestation. It appears plausible 

that this variation also is present and therefore can be observed in individual fetuses. 

However, the natural course of the nuchal translucency in individual fetuses has not yet 

been described. It is not known if each fetus develops a measurable nuchal translucency 

at a certain stage between 10 and 15 weeks' gestation or if in some fetuses this finding 

remains not measurable during the whole period. The aim of the present study was to 

examine the course of the nuchal translucency thickness longitudinally from 10 to 15 

weeks' gestation by serial measurements in normal fetuses. 

Materials and Methods 

Sixty-five women with singleton pregnancies at 10 weeks' gestation, as calculated from 

the first day of their last menstrual period were included in the study. They consented to 

undergo weekly ultrasound scans for 5 consecutive weeks. The women were recruited 

between January 1995 and July 1996, by means of a written form handed to them in the 

waiting room of the prenatal diagnosis or antenatal clinic of our hospital, before a 

routine initial scan. All women consented to participate in the study before the first 

ultrasound scan. The study was approved by the hospital's ethics board. The gestational 

age was assessed by crown-rump length measurement (Robinson et al, 1975) of the 

fetuses at this first visit. In 33 women (51%), invasive prenatal diagnosis was performed 

for fetal karyotyping because of maternal age indication. Four women (one of whom 

was older than 36 years of age), had maternal serum screening at 15 weeks' gestation. 

The remaining 28 women had no biochemical testing for aneuploidies or fetal 

karyotyping. All neonates were examined clinically after birth by a pediatrician. Fetuses 

with chromosomal or structural anomalies were excluded from the study. 
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The nuchal translucency was measured three times in a saggital section of the fetus 

obtained by transabdominal ultrasound examination (curvilinear 3.5-MHz transducer; 

Hitachi EUB 525, Tokyo, Japan, and Toshiba SSA 250A, Tokyo, Japan). Two 

sonographers (EP, IG) performed the examinations, both in their own patients. The 

operators were blinded to the three actual measurements of the maximum thickness of 

the nuchal translucency by covering the numeric display on the ultrasound equipment. 

Moreover, all weekly measurements from the same patient were recorded on videotape 

and reviewed by the performing operator after the last visit. In this way, the operators 

were not influenced by their previous measurements. In cases in which the translucent 

nuchal area could not be measured because it was so thin that it was impossible to part 

the calipers from each other, the measurement was considered to be 0 mm. 

The analysis was based on the mean of each set of three measurements. Exact 

confidence intervals (CIs) were computed (Gardner and Altman, 1989). As the nuchal 

translucency measurement were not performed on exactly the same gestational days in 

all fetuses, the measurements were corrected for differences in gestational age. For each 

fetus, the five mean nuchal translucency values were plotted against gestational age in 

days. Subsequently, for each individual fetus, the best polynomial function was 

estimated for the nuchal translucency measurements in time. On the basis of these 64 

functions, the nuchal translucency measurements were calculated for 70, 77, 84, 91, 98, 

and 105 days' gestation. In cases in which the correction of the nuchal translucency 

measurement resulted in a negative value, the value was truncated to 0 mm. Median and 

fifth, 25,h, 75 *, and 95 * percentiles for 70, 77, 84, 91, 98, and 105 days' gestation were 

calculated. 

Results 

The median (range) maternal age was 36.3 (18-41) years. The results from one fetus 

were excluded from the study because the neonate had pulmonary valve stenosis 

detected at birth. At the age of 6 months, the infant was diagnosed as having Noonan 

syndrome. The remaining 64 fetuses were delivered uneventfully and were 

chromosomally and anatomically normal at birth. The median (range) gestational age at 

delivery was 39.2 (33-42) weeks, and the median (range) birth weight was 3200 (1905-

4990) g. We were successful in obtaining three measurements on each occasion in each 

patient. The intra-observer standard deviation was 0.25 mm, which means that in 95%, 

the measurements did not differ more than 0.5 mm. 

A progressive increase followed by a steady decrease in nuchal translucency 

measurement was observed in 60 fetuses (94%). However, the gestational age at which 
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maximum thickness occurred was variable and clearly fetus-specific. In the remaining 

four fetuses (6%), the largest nuchal translucency measurement was obtained at the time 

of the first scan. Table 1 shows the gestational age at which the peak nuchal 

translucency thickness appeared in the 64 fetuses. In 31 fetuses (48%), this happened at 

13 weeks' gestation. 

In 19 of the 64 fetuses (30%), the first measurement was made before 70 days' 

gestation. The nuchal translucency was more than 0 mm in only seven (37%) of these 

19 fetuses. In 51 (80%) of the 64 fetuses, the first nuchal translucency measurement was 

performed before 77 days' gestation. Of these 51 fetuses, 35 (69%) had already 

developed a visible nuchal translucency. After 76 days' gestation, a visible nuchal 

translucency was found in 62 (97%) of the 64 fetuses. 

Table 1. Gestational age with peak nuchal translucency. 

GA (days) weeks N (%) 

<70 9 1 (2) 

70-76 10 2 (3) 

77-83 11 4 (6) 

84-90 12 16 (25) 

91-97 13 31 (48) 

98-105 14 10 (16) 

GA = gestational age 

In each fetus, a third-degree polynomial approximation with gestational age as the only 

independent variable was found to produce the best fitting curve for the nuchal 

translucency measurement. The median and the fifth, 25 lh, 75 * and 95 * percentiles of 

the nuchal translucency measurements as calculated for all fetuses at 70, 77, 84, 91, 98, 

and 105 days' gestation are shown in figure 1. The median nuchal translucency 

measurement increased from 0.7 mm at 70 days' gestation to 1.7 mm at 91 days' 

gestation, after which it decreased to 1.0 mm at 105 days' gestation. 

Discussion 

Our findings provide strong evidence that the development and disappearance of the 

nuchal translucency is a phenomenon common to all fetuses and that it follows an 

individual, fetus-specific pattern. Considerable variation in the nuchal translucency 

measurement with gestational age was observed in all fetuses. 
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Figure 1. The fifth, 25 , 50 , 75 , and 95 ' percentiles (%ile) of nuchal translucency measurements in 

all fetuses, measured in millimeters as a function of gestational age. 

This supports our previous findings in a cross-sectional study (Pajkrt et ai, 1995) of 

771 normal fetuses, in which the median nuchal translucency increased from 0.7 mm at 

10 weeks' gestation to 1.5 mm at 13 weeks' gestation. The median obtained in this 

study is nearly identical. Additionally, the present study demonstrates that the most 

fetuses (48%) the nuchal translucency measurement reaches its maximum around 91 

days' gestation, after which a progressive decrease occurs. This decrease could be 

demonstrated because the measurements were continued to 14 completed weeks' 

gestation, as opposed to stopping at 13 completed weeks, as we had done in our earlier 

study. Despite the general tendency for an initial increase followed by a decrease in the 

measurement, in 6% of the cases, the first measurement was higher than at the 

subsequent scans. However, these cases also shared decreasing measurements later in 

gestation. We hypothesize that we were to late to detect the waxing phase of the nuchal 

translucency in these fetuses. This further supports our finding that there is a distinct 

individual variation in nuchal translucency measurements. 

In clinical practice, nuchal translucency measurements are used to estimate a woman's 

risk for having a child with a chromosomal anomaly. However, there is disagreement 

about the gestational period at which the nuchal translucency should be measured. Some 

centers measure from 8 weeks' gestation onward (Brambati et ai, 1995; Bewley et al., 

1995; Komman et ai, 1996), some from 9 weeks' gestation (Comas et ai, 1995; Szabo 

et al., 1995), and others do not start measuring until 10 weeks' gestation (Nicolaides et 
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al., 1994; Pandya et ai, 1995; Hafher et al., 1995). The accuracy of these studies varies 

enormously, with a reported sensitivity for the detection of Down syndrome ranging 

from 30% (Brambati et al., 1995; Bewley et ai, 1995; Komman et al., 1996) and 50% 

(Comas et al., 1995; Hafner et al., 1995) up to a sensitivity of 80% or more (Szabo et 

al., 1995; Nicolaides et al, 1994; Pandya et al, 1995). Differences in gestational age at 

time of measurement may explain the reported variation in performance. In a screening 

program for fetal trisomies, physiologic variation in nuchal translucency measurement 

must be taken into account, and a gestational age dependent cutoff point for normal 

should be adopted. Alternatively, if a single cutoff point is used, it is important to 

standardize the gestational age at which screening is performed. 

Roberts et al. (1995) proposed 11 weeks as the optimal gestational age at which to 

measure the nuchal translucency because in their study, the failure rate in obtaining a 

measurement was lowest at this gestational age. Comas et al. (1995) proposed 12 

weeks' gestation as the optimum time to screen because visualization of fetal anatomy 

is clearer. We were able to obtain good visualization of the nuchal translucency in all 

cases and at any observation. In the course of our study, all fetuses developed nuchal 

translucencies that were ultrasonographically visible. The study population was large 

enough to certify that 94% or more of the fetuses would develop a nuchal translucency 

thickness larger than 0 mm. At 77 days' (11 weeks) gestation, 97% of the fetuses had 

visible nuchal translucencies, which suggest that it may be appropriate to make the 

measurement from 11 weeks' gestation onward. Furthermore, an not measurable nuchal 

translucency at 70 days' (10 weeks) gestation could, theoretically, still increase above a 

chosen cutoff level for normal at a later gestational age. Because all fetuses in this study 

developed a measurable nuchal translucency by 86 days' gestation (12 weeks) gestation, 

it appears advisable to repeat the measurement at 12 weeks if the initial measurement is 

0 mm. In contrast, a nuchal translucency that cannot be measured from 12 weeks' 

gestation onward may suggest that the waning phase of this temporary anatomic entity 

has already begun. It is possible that in the near future, with ongoing improvement in 

resolution and magnification of ultrasound equipment and the development of three-

dimensional techniques, there no longer will be cases in which it is impossible to obtain 

a measurement even of the smallest nuchal translucency. 

The developmental, functional, and biochemical natures of the anatomic entity defined 

as nuchal translucency are still unknown. Enlarged nuchal translucency measurements 

are encountered in both chromosomally normal and abnormal fetuses, but the 

pathophysiologic processes that induce the development of enlarged nuchal 

translucencies in both groups remains unclear. Longitudinal data on the natural course 

of nuchal translucency measurements in normal as well as aneuploid fetuses may help 
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in understanding the pathophysiological background of this entity and may possibly be 

of diagnostic value. 
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The influence of fetal position on nuchal transluccncy thickness 

Irene M. de Graaf, Anouk A. van Zuylen-Vié, Otto P. Bleker and Caterina M. Bilardo 

We determined if nuchal translucency thickness is influenced by the fetal position at 

ultrasound examination. A transabdominal ultrasound examination for dating of the 

pregnancy and measurement of the nuchal translucency thickness was performed at 10 

to 14 weeks' gestation in all women attending the antenatal clinic of our hospital. 

Special attention was paid to when during the scan the fetus changed from a prone to a 

supine position or vice versa. Every time the fetus turned from a prone to a supine 

position or vice versa, the measurement of the nuchal translucency thickness was 

repeated for each position. Every measurement was scored on picture. An image-

scoring method was used and evaluated by three independent reviewers. A total of 62 

fetuses were included in this study. The mean thickness of the nuchal translucency for 

fetuses lying on the back was 1.77 mm as compared to 1.76 mm for fetuses lying on the 

abdomen. The mean quality-score was 7.02 for fetuses lying on the back and 7.05 for 

fetuses lying on the abdomen. These results were not statistically significant. We 

conclude that fetal position has no influence on the measurement of the nuchal 

translucency thickness. 

Submitted for publication. 
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Introduction 

High-resolution ultrasound scanning has enabled the identification of a thin translucent 

area comprised between the skin outline and the soft tissues overlying the occiput and 

the upper posterior part of the spine. This finding has been named nuchal translucency 

according to its ultrasound appearance (Nicolaides et ai, 1992) and can be imaged 

routinely in normal fetuses in the late first and early second trimester of pregnancy 

(Hertzberg et ai, 1989). Several studies have reported a significant association between 

an enlarged nuchal translucency and fetal aneuploidies, mainly trisomies (Nicolaides et 

ai, 1994; Savoldelli et ai, 1993; Pajkrt et ai, 1998). Since its introduction in 1992 

(Nicolaides et ai, 1992) measurement of the nuchal translucency has been shown to be 

effective in screening for trisomy 21 and other chromosomal anomalies with detection 

rates varying from 29% to 84% (Nicolaides et ai, 1994; Komman et ai, 1996). This 

variation in study results can be accounted for by various factors. Besides differences in 

study design (Pajkrt et ai, 1998; Mol et ai, 1996), methodological and technical 

differences in the way the measurement is performed can also cause discrepancies. 

The Fetal Medicine Foundation promotes the concept of first trimester ultrasound 

screening and has developed technical guidelines for the nuchal translucency 

measurement (Snijders et ai, 1996). A mid-saggital section should be obtained, with the 

image of the fetus filling at least 3/4 of the screen. Care should be taken to distinguish 

between fetal skin and amnion. The head of the fetus should not be extended nor flexed. 

The maximum thickness of the nuchal translucency is measured by placing the callipers 

on the white lines representing the skin and the tissues overlying the occiput and spine. 

These guidelines do not refer to the position of the fetus for an optimal measurement, 

suggesting that fetal position does not influence the measurement. To our knowledge 

the effect on the measurement of the nuchal translucency thickness of a fetus lying in 

prone or supine position has not yet been examined. 

The need for an accurate measurement is obvious, since minor variations can have 

enormous clinical consequences. Therefore proper training in the technique of this 

ultrasound measurement is necessary, but also a continuous audit is required to meet the 

agreed standards. We used, and evaluated, the image-scoring method developed by 

Herman et ai (1998) to judge the quality of our nuchal translucency measurements. 

The aim of the present study was to evaluate if nuchal translucency thickness is 

influenced by fetal position in utero at ultrasound examination. 
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Patients and Methods 

Our study population consisted of 62 women at 10-14 completed weeks of gestation 

attending the antenatal clinic of the Academic Medical Centre in Amsterdam. The 

nuchal translucency thickness was measured at the time of the first routine ultrasound 

scan for dating. Transabdominal ultrasound examination was performed with a 

curvilinear 3.5 or 5-MHz probe. The maximum thickness of the nuchal translucency 

was measured in a saggital section of the fetus. The image of the fetus was enlarged so 

that it filled at least % of the screen. To distinguish the fetal skin from the amnion, a 

fetal movement away from the amnion was awaited. The callipers were positioned on 

the white lines proximal to the sonolucent area and the measurements were expressed in 

decimals of millimetres. Experienced ultrasonographers, all trained and acknowledged 

by the Fetal Medicine Foundation, performed the ultrasound examinations. 

This study includes nuchal translucency measurements (NT) of fetuses that turned from 

a prone to a supine position or vice versa during the ultrasound examination (figure 1). 

-•*-•'>-«£ 
- * • —Ohm 

A B 

Figure 1. Fetus in supine position (A) and the same fetus in prone position (B). 

The measurement was repeated and documented on print for each position. Each image 

was reviewed and scored according to the image-scoring method described by Herman 

et al. (1998). That scoring method includes the following criteria: fetal section, 

continuity of the fetal skin line, calliper placement (the 3 major criteria) and image size, 

head position and visibility of the amnion (the 3 minor criteria). For a major criterion a 

score of 0 or 2 can be given, for a minor criterion a score of 0 or 1. An added up score 

of 8 or 9 was considered an "excellent" NT measurement, implying maximal scores in 

almost all criteria. A "reasonable" NT measurement is one with a score of 4 to 7, 

requiring at least two major, or one major and two minor criteria. The "intermediate" 

group comprised of measurements with a score of 2 or 3, which required at least one 
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major or two minor criteria. Cases with a score of 0 or 1 were classified as 

unacceptable. In our study all measurements scoring less than 5 points according to at 

least two reviewers were excluded, since an NT measurement with a score of 4 or less 

points could not be classified as "intermediate" or even "reasonable", but in our opinion 

is unacceptable. Three independent reviewers assessed the inter-reviewer agreement for 

this scoring method. 

Results 

In 62 cases the fetus turned during ultrasound examination from a prone to a supine 

position (figure 1). In all cases the 2 pictures were evaluated for the quality of the 

measurements. Five fetuses with an enlarged nuchal translucency were included; three 

turned out to be affected by Down syndrome. 

The mean nuchal translucency measurement for fetuses lying on the back (supine 

position) was 1.77 mm (95% Confidence interval (CI): 1.56-1.96 mm) as compared to 

1.76 mm (95% CI: 1.57-1.97 mm) for fetuses lying in prone position. This difference is 

not statistically significant. 
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Figure 2. Difference between NT measurement in prone and supine position plotted against the average. 

The mean difference in the measurements was 0.01 mm, with a standard deviation of 

0.39. In figure 2 the difference between the NT measurements in prone and supine 

position are plotted against the average. 
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Table I : Inter-reviewer agreement. 

Reviewer I (column) versus Reviewer II (row); Weighted kappa: 0.34 

Score 0-1 Score 2-3 Score 4-7 Score 8-9 

Score 8-9 0 
0 
0 
0 

0 
0 
0 
0 

5 
20 
1 
0 

15 
18 
3 
0 

Score 4-7 

0 
0 
0 
0 

0 
0 
0 
0 

5 
20 
1 
0 

15 
18 
3 
0 

Score 2-3 

0 
0 
0 
0 

0 
0 
0 
0 

5 
20 
1 
0 

15 
18 
3 
0 Score 0-1 

0 
0 
0 
0 

0 
0 
0 
0 

5 
20 
1 
0 

15 
18 
3 
0 

Reviewer III (column) versus Reviewer 1 (row); Weighted kappa: 0.39 

Score 0-1 Score 2-3 Score 4-7 Score 8-9 

Score 8-9 0 
0 
0 
0 

3 
1 
0 
0 

8 
28 
1 
0 

11 
10 
0 
0 

Score 4-7 

0 
0 
0 
0 

3 
1 
0 
0 

8 
28 
1 
0 

11 
10 
0 
0 

Score 2-3 

0 
0 
0 
0 

3 
1 
0 
0 

8 
28 
1 
0 

11 
10 
0 
0 Score 0-1 

0 
0 
0 
0 

3 
1 
0 
0 

8 
28 
1 
0 

11 
10 
0 
0 

Reviewer III (column) versus Reviewer II (row); Weighted kappa: 0.50 

Score 0-1 Score 2-3 Score 4-7 Score 8-9 

Score 8-9 0 
0 
0 
0 

0 
0 
0 
0 

0 
21 
1 
0 

22 
18 
0 
0 

Score 4-7 

0 
0 
0 
0 

0 
0 
0 
0 

0 
21 
1 
0 

22 
18 
0 
0 

Score 2-3 

0 
0 
0 
0 

0 
0 
0 
0 

0 
21 
1 
0 

22 
18 
0 
0 Score 0-1 

0 
0 
0 
0 

0 
0 
0 
0 

0 
21 
1 
0 

22 
18 
0 
0 

In 29 cases (48%) the nuchal translucency measurement was smaller when the fetus was 

lying on the back, in 26 cases the measurement was smaller when the fetus was lying on 

the abdomen, and in 6 cases the measurement was exactly the same. When using the 

image scoring method of Herman et al. (1998), the mean quality-score was 7.02 in 

fetuses lying on the back and 7.05 in fetuses lying on the abdomen. In table 1 the inter-

reviewer agreement (weighed kappa), within the framework of the different quality 

groups, is shown. In our study the reviewers categorised many cases identical. We can 

say that there is a fair to moderate agreement between the reviewers. Simultaneously, 

our own scoring method was used. This scoring method is based on the criteria as 

defined by the Fetal Medicine Foundation: fetal section, calliper placement, image size 

and head position. Our scoring method gave much disagreement (low weighted kappa 

values), and it was noticed that unsatisfactory images could give a reasonable final score 

by gathering points. 
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Discussion 

This study demonstrates that the nuchal translucency thickness is not influenced by fetal 

position, as well as the quality of the measurement is not influenced by it. 

The need for an accurate nuchal translucency measurement is obvious. Minor variations 

in the measurement can have enormous clinical consequences on the rate of invasive 

testing for fetal karyotyping. Therefor proper training in the technique of this ultrasound 

measurement is necessary (Braitwaite et ai, 1996), but also continuos audit after 

implementing it as a screenings program is required to meet the agreed standards. 

The role of fetal position as a possible source of variance in repeat nuchal translucency 

measurement has been previously suggested (Pajkrt et ai, 1998). It may be speculated 

that the influence of gravitation on the shape and thickness of the nuchal fluid collection 

at supine or prone fetal position may affect the measurement. In this study no significant 

difference between both positions was demonstrable, implying that gravitation may not 

influence the nuchal translucency thickness of the fetus in utero. Assuming that nuchal 

translucency represents a free fluid collection, than gravity may well play a role in 

utero. One would than expect the nuchal translucency to be greater in supine position 

due to drooping of the fluid. Consequently, the measurement should have a tendency to 

be smaller when the fetus is lying in prone position. This was not observed during this 

study. 

The exact morphological background and the aetiology of the nuchal translucency 

remain unclear. Some authors suggest that nuchal translucency is an accumulation of 

fluid which may be associated with a transient over-perfusion of the developing fetal 

brain (Moscoso, 1995). Alternatively, nuchal fluid accumulation may be the 

consequence of hemodynamic readjustments during cardiovascular development. In a 

recent article by Hyett et a I. (1999), 56% of fetuses with major defects of the heart and 

great arteries showed at 10 to 14 weeks' gestation an enlarged nuchal translucency 

thickness. More research is needed to clarify these etiological uncertainties. In fact a 

better understanding of this ultrasound feature enables a higher accuracy in this 

screening method and consequently increases its usefulness in clinical practice. 

In summary, the described study focused on the influence of fetal position on the nuchal 

translucency thickness. No significant difference was found in the nuchal translucency 

thickness of a fetus lying in prone or supine position. 
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Chapter 7 

Enlarged nuchal translucency and low serum protein concentrations as possible 

markers for Zellweger syndrome 

Irene M de Graaf, Eva Pajkrt, Marina Keessen, Nico J. Leschot, and Caterina M. 

Bilardo 

We present a case of a fetus in which at 12 weeks'gestation an enlarged nuchal 

translucency was detected. The karyotype was normal. Subsequent ultrasound 

examination showed no obvious fetal abnormalities apart from a mild pericardial 

effusion. Serum screening revealed very low concentrations of estriol and human 

chorionic gonadotrophin. After birth the diagnosis of Zellweger syndrome was made. 

Nuchal translucency screening, estriol level identification and detailed ultrasound scan 

may help identify fetuses affected by this syndrome. 

Ultrasound in Obstetrics and Gynecology (1999), 13: 268-270. 
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Introduction 

Zellweger syndrome or Cerebro-hepato-renal syndrome was first described in 1964 by 

Bowen et al. (1964) as combination of clinical and pathological-anatomical 

abnormalities. Shortly thereafter, Smith et al. (1965) described more children with this 

syndrome, characterised by neonatal hypotonia, facial dysmorphism, hepatomegaly, 

renal cysts, severe psychomotor retardation and failure to thrive. When in 1973 

Goldfisher et al. (1973) reported that peroxisomes, subcellular organelles that play a 

role in lipid metabolism, were absent in the liver and kidneys of these children, it was 

concluded that this syndrome was a metabolic (peroxisomal) disorder rather than a 

syndrome of multiple developmental defects. 

Children suffering from this autosomal recessive single gene disorder usually die within 

2 weeks to 2 years of life. Clinical recognition can be difficult because of the aspecific 

and varying phenotypic presentation (Theil et al., 1992). However recognition of this 

disorder is important as it will enable prenatal diagnosis in future pregnancies. 

Children affected by this syndrome tend to have a large forehead with shallow 

supraorbital ridges, large fontanels, flat facies, mild micrognathia, hepatomegaly, cystic 

kidney syndrome and contractures of the extremities. These are aspecific features that 

can be detected at ultrasound examination. Recently it has been suggested that an 

increased nuchal translucency between 10-14 weeks of gestation, besides being 

associated with chromosomal anomalies, may also be a marker for genetic syndromes 

(Bilardo et al., 1998). 

This report describes the prenatal findings and the post-natal diagnosis of a child 

affected by Zellweger syndrome. 

Case report 

A healthy 24 year old woman in her second pregnancy was referred to our prenatal 

diagnostic centre for amniocentesis because of an enlarged nuchal translucency of 6 mm 

detected at booking scan at 12 weeks' gestation. The parents were not consanguineous 

and had no family history of genetic disorders. The first pregnancy resulted in a 

spontaneous abortion before 10 weeks of gestation. 

The ultrasound scan showed a viable singleton pregnancy consistent with 15 weeks of 

gestation as calculated from the last menstrual period. A nuchal translucency of 5 mm 

(figure 1 ) was measured, indicating an increased risk for fetal aneuploidy. 
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Figure 1: Enlarged NT at 12 weeks of gestation. 

Before amniocentesis was performed maternal blood was taken for serum screening as 

part from a research protocol. Cytogenetic analysis revealed a normal female karyotype. 

Although the nuchal translucency disappeared at subsequent scans an increased nuchal 

oedema persisted throughout pregnancy. The maximum thickness of the nuchal oedema 

was 9 mm at 24 weeks of gestation. Because of the enlarged nuchal translucency a 

detailed ultrasound examination was performed at 20 weeks of gestation. No clear fetal 

anomalies were detected, besides of a mild pericardial effusion (figure 2) and a 

strawberry shaped head. The structures of the heart could not be visualised optimally 

because of the fetal position. At repeat scan at 24 weeks of gestation a normal 4-

chamber view and normal vascular connections of the great arteries were obtained. The 

pericardial effusion was still present but resolved completely by 28 weeks. Fetal growth 

remained stable on the 10n centile. 

m 
;S:;i|i|' 

Figure 2. A mild pericardial effusion at 24 weeks of gestation. 
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The serum concentrations of alpha-foeto-protein (AFP), estriol (uE3) and human 

chorionic gonadotrophin (hCG) were 30 klU/L (1.21 MoM), 0.6 nmol/L (0.23 MoM) 

and 7 klU/L (0.19 MoM) respectively. The concentrations for uE3 and hCG were very 

low. 

Nine days after the expected date of delivery a caesarian section was performed because 

of breech presentation. A female infant was born weighing 2510 g (P3). Apgar-scores 

were 1 and 4 after 1 and 5 minutes respectively. The infant was very hypotonic and 

cyanotic. There was no spontaneous respiration. After intubation she was transported to 

a neonatal high care unit. 

Physical examination showed craniofacial dysmorphism, with a triangular shape of the 

skull, flat facies with shallow supra-orbital ridges, widely split sutures and large 

fontanels. Moreover a low implant of the ears, hypertelorism and a broad nasal bridge 

were observed. There was redundant skin in the neck and nuchal area. Severe hypotonia 

remained and deep tendon reflexes could not be elicited. 

Routine laboratory test results were within normal values. A cranial ultrasound 

examination showed no macroscopic abnormalities. At abdominal CAT-scan normal 

kidneys were seen. 

Because of clinical suspicion of Zellweger syndrome radiological examination of the 

long bones and fatty acid analysis were done. Radiological examination of the long 

bones showed irregular calcifications of the patellae. Fatty acid analysis revealed 

significantly increased levels of very-long-chain fatty acids (VLCFA), with an increased 

C26/C22 ratio. The cholic acids di-hydroxy cholestane acid (DHCA) and C29 were also 

increased. This is characteristic of Zellweger syndrome. Peroxisomes could not be 

detected in a liver biopt. 

The clinical course was dramatic. The infant had to be fed by a stomach tube. Seizures 

were initially controlled by Luminal, but their frequency increased and the overall 

condition continued to deteriorate. She died from respiratory arrest at the age of five and 

a half months. The parents did not consent to post-mortem examination. 

Discussion 

This is the first report on the association between an increased nuchal translucency, 

detected at 12 weeks' gestation, and Zellweger syndrome. 

Ultrasound measurement of nuchal translucency thickness has proven to be an effective 

first trimester screening method for fetal aneuploidy. An enlarged nuchal translucency 

measurement, which is gestational age-dependent, is associated with an increased risk 
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of chromosomal anomalies (Pandya et al., 1995). Fetuses with a normal karyotype and 

enlarged nuchal translucency have been reported to have an increased incidence of 

cardiac defects, structural anomalies and rare genetic syndromes (Bilardo et al., 1998). 

Thus far an increased nuchal translucency has incidentally been described in fetuses 

affected by Noonan syndrome, Smith-Lemli-Opitz syndrome, EEC-syndrome, Stickler 

syndrome, Fryns syndrome, arthrogryposis, Jarco-Levin syndrome, Joubert syndrome 

(Trauffere* al., 1994; Hyett et al., 1997; Hösli et al, 1997; Souka et al, 1998), and this 

list is still growing. An increased nuchal translucency is a transient feature which tends 

to resolve at subsequent observation in both chromosomally normal and abnormal 

fetuses (Pandya et al., 1995b; Pajkrt et al., 1995). In some trisomy 21 fetuses an 

increased nuchal translucency has been described to evolve into an enlarged nuchal 

oedema. In this case of Zellweger syndrome the increased nuchal thickness converted 

into an enlarged nuchal oedema which persisted throughout pregnancy. 

Prenatal diagnosis of Zellweger syndrome by culture of chorionic villi can be offered to 

parents with a previously affected child. Carriers in affected families can be identified 

with certainty. 

Among the frequent structural anomalies that could be easily detected at ultrasound 

investigation there are cystic kidneys and excessive skin on the neck and nuchal area. 

In a previous report of a case of Smit-Lemli-Opitz syndrome, a possible association of 

increased nuchal translucency and low maternal serum estriol concentration has been 

suggested (Hyett et al., 1995). Our case-report confirms this association. A low serum 

estriol level has also been associated with other chromosomal anomalies and an 

increased incidence of intrauterine death (Goodburn et al., 1994). Determination of 

estriol level concentration may be introduced as a part of a standard protocol in case of 

increased nuchal translucency and normal karyotype to help identify rare genetic 

syndromes. 

In fetuses with an enlarged nuchal translucency and normal karyotype the finding of 

even mild dysmorphic features at ultrasound should alert the clinician about the 

presence of a rare genetic syndrome. In this case, apart from the increased nuchal 

thickness, the only dysmorphic features were the strange shape of the head and the 

transient presence of pericardial effusion. However, a more stringent search at 

ultrasound examination for facial dysmorphism like the hypertelorism and the flattened 

profile may have reinforced the suspicion of a genetic syndrome. 

This study suggest that the combination of nuchal translucency screening, estriol 

concentration measurement and detailed ultrasound scan may help identify fetuses 

affected by rare genetic syndromes, such as Zellweger syndrome. 
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Chapter 8 

Enrichment, identification and analysis of fetal cells from maternal blood: 
evaluation of a prenatal diagnosis system 

Irene M. de Graaf, Marja E. Jakobs, Nico J. Leschot, Ilya Ravkin, Simon Goldbard, and 

Jan M.N. Hoovers 

In this study we evaluated the performance of a system for the enrichment, identification and 

analysis of fetal cells in maternal peripheral blood. 

Blood samples were collected from women after chorionic villus sampling and enriched for 

the presence of nucleated erythrocytes using a three step procedure, namely: a) centrifugation 

to separate nucleated red blood cells (NRBCs) from the majority of red blood cells (RBCs) 

and white blood cells (WBCs); b) selective lysis of the remaining maternal RBCs; c) 

separating the NRBCs from the remaining WBCs in a three layer density gradient. Fetal cells 

were identified by using a monoclonal antibody against the y-chain of fetal haemoglobin 

(anti-HbF) and a nuclear stain (DAPI). Additionally, to further increase the specificity of the 

identification, and to eliminate some of the undesired staining by maternal leukocytes, a 
fluorescent antibody (CD 45) was added. 

The sex chromosome complement of the cells was determined by fluorescence in situ 

hybridisation (FISH) with X and Y specific probes and the results were compared with the 

karyotypes obtained after analysis of chorionic villi. 

Using the described method, in all cases where the woman was carrying a male fetus (n=18) 

at least one XY cell was found, while no male cells were found in women carrying a female 

fetus. However, in the majority of cases with a male fetus (n=l 1) female HbF positive cells 

were found indicating the presence of maternal nucleated erythrocytes. The study 

demonstrates that the combination of anti-HbF and CD 45 is a useful, but not fully specific 

marker for fetal NRBCs and that additional markers are needed. 

Prenatal diagnosis, accepted for publication. 
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Introduction 

Prenatal diagnosis for chromosomal disorders is mainly directed towards the detection 

of Down syndrome, the most common serious abnormality. Most women at risk of 

carrying an affected fetus with this disorder are offered an invasive prenatal diagnostic 

test. Those tests, chorionic villus sampling (CVS) and amniocentesis, carry a risk of 

procedure-related fetal loss. Furthermore, amniocentesis is performed relatively late in 

gestation and in many cases termination of the pregnancy in case of an aneuploid fetus 

cannot be offered before 18 weeks of gestation. 

Non-invasive techniques like first and mid trimester maternal serum screening, lack the 

sensitivity and specificity of invasive tests. In addition to first trimester serum screening 

there is an early ultrasound marker, nuchal translucency (Snijders et al., 1998) that, 

combined with serum markers concentrations, can identify 85% of Down syndrome 

fetuses to a false positive rate of 5% (de Graaf et ai, 1999a). 

The isolation of fetal nucleated red blood cells from maternal blood may overcome 

many of the limitations of conventional invasive and non-invasive methods in prenatal 

diagnosis. However, it is not fully known if fetal cells are present in sufficient number 

in all pregnant women. The estimated number of fetal nucleated red blood cells 

circulating in maternal blood is very low (Bianchi et al., 1994; Reading et ai, 1995; 

Takabayashi et al., 1995; Bianchi et al., 1997). In order to analyze these cells one needs 

to enrich them using one of several methods previously described in the literature (Hahn 

eta!., 1998). 

In this study we evaluate the performance of a novel system, based on a three-step 

protocol for the enrichment of fetal NRBC's from the maternal circulation. 

Identification and analysis was achieved using a semi-automated imaging instrument. 

Materials and methods 

Patients 

Women undergoing prenatal diagnosis by CVS were asked to participate. Transcervical 

CVS was performed, between 10 and 13 weeks of gestation, by a small biopsy forceps 

(Lunshof et ai, 1995). Immediately after the procedure 20 ml peripheral blood was 

drawn and collected in EDTA-tubes. The blood samples were stored overnight (4°C) 

and processed the next day without knowledge of the sex of the fetus. During the course 

of this study blood samples of 60 pregnant women were collected. The mean maternal 

age was 37 years and the mean gestational age 11 weeks and 3 days. 
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Enrichment of fetal cells 

Fetal nucleated red blood cells (NRBCs) were enriched using a three-step method 

previously described elsewhere (Saunders et ai, 1997). Briefly, first the blood is 

fractionated by centrifugation in a specially designed tube (figure 1). The nucleated red 

blood cells are harvested from the interface layer between white blood cells and red 

blood cells. Next, the remaining erythrocytes are selectively lysed. This lysis is based on 

an enzyme difference between maternal and fetal red blood cells. Maternal cells contain 

carbonic anhydrase I and II, where fetal cells only contain carbonic anhydrase II. By 

adding substrate, ammonium bicarbonate is formed within the cells, which will lyse due 

to the uptake of water. By inhibiting carbonic anhydrase II, fetal cells are prevented 

from lysis. Finally the cells are layered on a hypertonic triple layer Percoll gradient to 

remove most of the WBC. After centrifugation, the nucleated red blood cells are 

harvested from the bottom of the gradient and deposited on a slide. Approximately 1.5 * 

106 cells are deposited on a poly-L-lysine coated slide either by a wedge smear or 

centrifugal cytology (Oosterwijk et al., 1998"). The slides contain nucleated red blood 

cells, red blood cells and white blood cells, all of them of possible fetal or maternal 

origin. 

A B 

Figure 1. Specially designed tubes (bulk-separation tubes) before and after centrifugation. 

Identification of fetal nucleated red blood cells 

Identification of fetal erythrocytes was performed using a monoclonal antibody against 

the Hb y-chain (Oosterwijk et al., 1998b). The slides containing the enriched cells were 

first incubated with mouse anti-fetal haemoglobin (HbF) followed by a secondary goat 

anti -mouse biotinilated antibody (Vector Labs, Burlingame, CA), and, lastly, incubated 

with steptavidin conjugated with alkaline phosphatase (Vector Labs, Burlingame, CA). 

Alkaline phosphatase activity was detected using a precipitating substrate, Vector blue 
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(Vector Labs, Burlingame, CA). Leukocytes were identified by adding FITC labelled 

anti-CD 45 (Becton Dickinson, Franklin Lakes, USA) at the end of the Vector blue 

reaction, and incubating for 30 minutes. Nuclear DNA was stained with DAPI (Sigma, 

Zwijndrecht, NL) in Vectashield (Vector Labs, Burlingame, CA). 

Analysis of fetal cells 

All nucleated cells positive for HbF (DAPI and Vector blue positive) were selected for 

FISH-analysis with X and Y specific probes (CEP X/ CEP Y probe mixture, Vysis, 

Downers Grove, IL) according to the manufacturers instructions. CD45 positive cells 

were classified as maternal leukocytes. 

Semi-automated microscopy 

The identification and analysis of cells was performed using a semi-automatic scanning 

and imaging system (Winscan, Applied Imaging Corporation) which has been described 

elsewhere (Ravkin and Temov, 1998). Briefly, the system has a microscope with 

transmission and fluorescence capabilities (including both a transmission and 

fluorescent filter wheel). The microscope also has automatic focusing and scanning 

abilities. Images are acquired through a video camera. A Windows 95-based computer 

workstation is used to control the scanning, perform image acquisition and processing, 

and user interface functions. 

Objects are selected when they fit the following criteria: overlap of DAPI fluorescence 

(nucleus) and Vector blue precipitate (presence of fetal haemoglobin). After scanning a 

slide, a data file is produced which contains images and measurements of the detected 

objects. The operator reviews the results of the scan, and selects the cells of interest for 

FISH-analysis. The review can be done from the screen, but the slide is available for 

immediate relocation and inspection under the microscope. 

Results 

The results of 40 samples successfully enriched for fetal NRBCs (HbF+/CD45-) are 

shown in table 1. In 18 cases no possible fetal NRBCs were found and in 2 cases the 

enrichment was not successful due to technical problems. 

The median number of cells per sample after enrichment was 5*10 , and the maximum 

number of analysed cells was 8*106. Figure 2 shows digitised images of a cell after 

identification and FISH analysis, as presented by the system to the reviewer. 
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Only the CD45-cells were considered as candidate fetal NRBCs. The median number of 

candidate fetal NRBCs was 14 cells per patient. The FISH efficiency was 73%, with 

large inter-patient variation. 

A B C D 
Figure 2. Representative digitised images: A. HbF positive cell (bright field Vector blue detection); B. 

DAPI stained nucleus (fluorescence); C. Combined image in false colours; D. Detection of X (green 

fluorochrome) and Y (red fluorochrome). 

In all 18 cases where the fetus was male, at least 1 XY cell was found. The mean 

number of male cells was 53 (range 1-515), with a median of 6 cells. However in 11 

(61%) samples with male fetuses also HbF+ positive XX cells were found. 

No significant correlation was found between the number of Y-positive cells and 

gestational age, pregnancy outcome, previous pregnancies or amount (in mg) of 

chorionic villi sampled (data not shown). In only one case (case 38, table 1) out of 21 

with a 46,XX fetus one XY cell was found (amongst 441 XX cells). One chromosomal 

abnormality (69, XXX) was diagnosed in a pregnancy referred for maternal age. Of the 

cells isolated from maternal blood in this sample, 13 showed 3 hybridisation signals for 

the X chromosome, while 2 cells had only 2 signals (de Graaf er ai, 1999b). 

Figure 3. Cell positively stained with CD45, DAPI and HbF. FISH revealed an X and a Y signal. 
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The results of combined staining of HbF and CD45 of the samples with a male fetus 

pregnancy are shown in table 2. In 13 cases (72%) maternal leukocytes are found that 

are positive for anti HbF staining but can easily be identified as such by the CD45 

marker. In 3 cases with a very high number of XY-positive NRBCs, Y-signal bearing 

leukocytes were found (figure 3). 

Table 1. FISH results for candidate nucleated red blood cells 

Case Candidate 

NRBCs 

(HbF+/CD45-) 

FISH 

XX XY 

Karyotype 

1 1 1 XX 
2 1 1 XY 
3 1 1 XY 
4 2 1 XY 
5 2 2 XX 
6 2 1 XX 
7 3 1 XY 
8 3 2 XX 
9 3 2 XX 
10 5 2 XX 
11 5 1 1 XY 
12 6 3 XX 
13 7 7 XX 
14 7 3 XX 
15 7 2 3 XY 
16 7 1 5 XY 
17 7 7 XX 
18 8 1 3 XY 
19 12 3 XX 
20 13 2 6 XY 
21 15 6 1 XY 
22 15 15 XY 
23 15 2 XXX* 
24 17 12 XX 
25 19 1 XY 
26 20 20 XX 
27 21 14 XX 
2 S 22 1 7 XY 
29 22 14 XX 
30 29 22 XX 
31 48 40 XX 
32 60 4 50 XY 
33 63 35 XX 
34 69 24 31 XY 
35 76 15 XX 
36 180 170 XX 
37 193 176 XY 
38 551 441 1 XX 
39 561 213 96 XY 
40 619 1 515 XY 

*13 cells with 3 X-signals 
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Table 2. Combined staining of HbF and CD45 in male pregnancies (n= 18). 

Case Candidate NRBCs Lei kocvtes 
XY XX XY XX 

34 31 24 0 71 
32 50 4 0 24 
20 6 2 0 41 
21 1 6 0 3 
27 7 1 0 1 
18 3 1 0 0 
15 3 2 0 29 
16 5 1 0 21 
7 1 0 0 4 
37 176 0 39 84 
39 96 213 9 303 
2 1 0 0 0 
22 15 0 0 12 
24 1 0 0 0 
3 1 0 0 4 
11 1 1 0 0 
40 515 1 25 12 
4 1 0 0 0 
Total 1030 256 73 619 

Mean 51 14 4 34 
Median 4 1 0 8 

Discussion 

We have evaluated a system for the enrichment, identification, and analysis of fetal cells 

in the maternal circulation, and all pregnancies involving a male fetus were identified. 

We deliberately choose for the analysis of maternal blood drawn after CVS, since in 

these cases the number of cells is significantly higher than in blood samples taken 

before CVS, and a good evaluation of the identification and analysis can be achieved 

(Jansen et al., 1997; Oosterwijk et al, 1998b). Furthermore, the karyotypes obtained 

after analysis of the chorionic villi served as a gold standard for the identification of the 

sex of the fetus and therefore as a measuring device for the specificity of the 

identification method. 

To be selected as a candidate fetal NRBC, a cell had to be positive for HbF 

immunostaining and negative for CD45. Of the 1165 candidate fetal NRBCs in 

pregnancies involving a male fetus, 909 (78%) were definitely of fetal origin, as 

confirmed by FISH. The remaining 22% NRBCs are maternal in origin. This is not 

surprising since during pregnancy there is a rapid increase in erythropoiesis (Howells et 

ai, 1986). This increase raises the number of red cells and reticulocytes in maternal 

venous blood, and this may be associated with a concomitant increase in the number of 

nucleated red blood cells. We also found that a considerable proportion of the NRBCs 

that were positive for HbF immunostaining, are maternal in origin. These observations 
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are in agreement with data published by Pembrey et al. (1973), showing a sharp rise in 

maternal HbF levels at 8-12 weeks of gestation. Analysis of this hemoglobin-chain 

revealed it was most probably maternal in origin. Also Oosterwijk et al. (1998b) and 

Slunga-Tallberg et al (1995) found that a considerable proportion of HbF positive 

NRBCs in the blood of pregnant women is maternal. In a recent publication by Mesker 

et al. (1998) it is shown that the combined staining for embryonic (£-chain) and fetal 

hemoglobin (y-chain) is more specific in its identification of fetal erythrocytes. 

Our results clearly demonstrate that leukocytes can be stained non-specifically with the 

anti-HbF antibody and that an additional marker (i.e. CD45) is necessary to assure 

specificity in the identification of fetal erythrocytes. 

We are currently evaluating the combined use of antibodies against the gamma and the 

epsilon chains plus the leukocyte anti-CD45 as the best selective combination of 

markers for the analysis of fetal erythroblasts in maternal blood. 
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First trimester non-invasive prenatal diagnosis of triploidy 

Irene M. de Graaf, Saskia M.C.A. van Bezouw, Marja E, Jakobs, Nico J. Leschot, Hans 

A. Zondervan, Caterina M. Bilardo, Jan M.N. Hoovers 

We report a case of fetal triploidy in which fetal nucleated red blood cells were isolated 

from the maternal peripheral circulation at 12 weeks gestation. FISH analysis with X 

and Y specific probes revealed three hybridisation signals for the X chromosomes in 14 

cells. The karyotype as established after CVS was shown to be 69,XXX. Two other 

non-invasive first-trimester screening methods were also evaluated. The serum markers 

pregnancy associated plasma protein A (PAPP-A) and the free ß-chain of chorionic 

gonadotrophin (free-ß-hCG) were both shown to be decreased in the same blood 

sample. An enlarged nuchal translucency (5 mm = > 95th centile) was seen at 13+ weeks 

of gestation. 

Prenatal Diagnosis (1999), 19: 175-177. 
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Introduction 

The current invasive methods in prenatal diagnosis for fetal aneuploidy, chorionic villus 

sampling and amniocentesis, carry a risk of procedure-related fetal loss. An additional 

disadvantage of amniocentesis is the relatively late moment of diagnosis. The main 

indication in the Netherlands at present is maternal age of 36 years and older. Research 

in prenatal diagnosis is directed towards the development of alternative, non-invasive 

and effective early screening methods for fetal aneuploidy. 

Measurement of the nuchal translucency thickness between 11-14 weeks of gestation 

can identify up to 77% of the fetuses with Down syndrome (Pandya et al, 1995). Even 

higher detection rates can be obtained by adding first-trimester serum screening. In fact, 

the combination of the measurement of the free ß-chain of human chorionic 

gonadotrophin (free ß-hCG), nuchal translucency thickness and maternal age is reported 

to detect 58- 85% of Down syndrome cases, at a false positive rate of 5% (Scott et al, 

1996; Noble et al, 1995; Zimmerman et al, 1996). 

Fetal nucleated cells isolated from the maternal circulation are a possibility in non

invasive genetic diagnosis. Aneuploidy is reported to be detected by analysis of fetal 

nucleated red blood cells from the maternal circulation (Bianchi et al, 1992; Gänshirt-

Ahlert et al, 1993). At the present state of knowledge it is still unknown whether fetal 

cells isolated from the maternal blood are usable as prenatal diagnostic test. Most 

probably it will be shown to be a screening test only (Leschot, 1996). 

Here we describe the isolation of fetal nucleated red blood cells from the maternal 

circulation in a case of fetal triploidy. Moreover fetal nuchal translucency measurement 

and the values for serum markers are evaluated. 

Case report 

A 36-year old pregnant woman attended our outpatient clinic for prenatal diagnosis 

because of a maternal age indication. At ultrasound scan for dating the CRL measured 

30 mm, corresponding to a gestational age of 9 weeks and 6 days. At 12+ weeks 

transcervical chorionic villus sampling (CVS) was performed. The ultrasound 

examination showed a CRL of 42 mm, which was smaller than expected from the first 

scan. A nuchal translucency of 2.2 mm was found, corresponding to the 90' centile for 

the measured CRL (Pajkrt et al, 1995). For research purposes 30 ml maternal peripheral 

blood was taken after the invasive procedure. This blood was processed for serum 

screening and search for fetal cells without knowledge of clinical findings. Nine days 

later, at a gestational age of 13+2 weeks, the CRL was 50 mm, which is below the 5' 

centile for gestation, and the nuchal translucency had grown to 5 mm (> 95' centile). 
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Striking features were a relatively large head compared to the small rump, folded hands 

suggestive for syndactyly and little amniotic fluid (figure 1). The placenta appeared to 

have a normal texture without cystic areas. Doppler investigation of both the aorta and 

umbilical artery showed a reversed flow, indicating extremely high resistance at the 

placental level. Also the flow velocity waveform profile from the ductus venosus was 

abnormal and suggestive for increased heart strain. 

Chromosome analysis of chorionic villi showed triploidy (69,XXX) in all cells (n=10). 

The pregnancy was terminated on the patients request by dilatation and suction at 14+ 

weeks of gestation. At pathological examination of the fetal tissues no obvious 

abnormalities were found. The placenta showed an immature aspect with irregularly 

formed villi and throphoblast inclusions as has been described in triploidy (Fukunaga, 

1994). 

In 20 ml maternal blood that was taken for research purposes fetal nucleated red blood 

cells (NRBC) were isolated using an enrichment protocol described by Saunders et al. 

(1997), followed by semi-automated scanning and FISH-evaluation (Ravkin et al, 

1998). By automated microscopy 15 cells were selected as candidate fetal nucleated red 

blood cells, based on aspecific nuclear staining (DAPI) and fetal haemoglobin staining 

(immunocyto-chemical binding to the gamma chain (Oosterwijk et al, 1996). FISH 

analysis with CEP X/Y Dual Probe Assay (Vysis) revealed 3 X-signals in 13 cells 

(figure 2). 

Figure 1. Fetus, at a gestational age of 

13+2 weeks, showing an enlarged nuchal 

translucency and a relatively large head 

compared to the small rump. 

Figure 2. FISH with CEP X/Y Dual 

Assay (Vysis), showing 3 signals 

for the X-chromosome. 
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In the remaining 10 ml maternal blood the concentrations of pregnancy associated 

plasma protein A (PAPP-A) and free-ß-hCG were measured. To determine the 

concentration of PAPP-A the DELFIA® Research Reagents for PAPP-A CR61-105 kit, 

manufactured by Wallac, was used. To determine the free-ß-hCG concentration the 

DELFIA® hAFP/Free hCGß dual kit, manufactured by the same company, was used. 

The concentration of PAPP-A was very low (<25 mlU/L), corresponding to a MOM-

value of <0.01. The concentration of free-ß-hCG was also decreased : 20.6 ng/ml ( 0.46 

MOM). The concentration of alpha-foeto-protein (AFP) was increased; 79 U/ml (6.3 

MOM). 

Discussion 

This is the first report in which fetal aneuploidy is detected in fetal nucleated red blood 

cells isolated from the maternal peripheral circulation, using the enrichment method 

described by Saunders et al. (1997). Triploidy was previously diagnosed in fetal NRBC 

isolated from maternal blood. Pezzolo et al. (1997) found in 30% of the selected cells 

by triple density gradient and Magnetic Activated Cell Sorting (MACS) three 

hybridisation signals with both 21- and 18-specific probes. The fetus was shown to have 

a 69.XXY karyotype. A relatively high number of isolated fetal nucleated red blood 

cells in maternal blood has been suggested to be associated with fetal chromosomal 

abnormalities (Gänshirt-Ahlert et al, 1993). This observation may imply that 

placentation or immune responses at the feto-maternal interface are fundamentally 

different in chromosomally abnormal pregnancies compared to normal pregnancies 

(Bianchi, 1994). 

In our case maternal blood was taken after an invasive procedure had been carried out. 

In our experience the number of fetal cells found in blood samples taken before the 

invasive procedure is very low. To test our isolation procedure we took blood after the 

invasive procedure in a group of 50 pregnant women. The pregnancy described here 

was in this series. It has been suggested that an invasive procedure causes a feto-

maternal transfusion (FMT) and that therefore more fetal cells are present in the 

maternal circulation. The finding of a high concentration of serum AFP (6.3 MOM) can 

be explained by FMT due to the invasive procedure. However, spina bifida or 

exomphalos, which can be found in triploidy, could not be excluded as cause of the high 

AFP concentration, although these defects were not seen at ultrasound examination. 

Also Jansen et al. (1997) found significantly more fetal cells and higher AFP 

concentrations when blood sampling was carried out after an invasive procedure. They 

conclude that the plasma FMT estimated on the basis of AFP concentrations may not 
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reflect a transfusion of a comparable volume of whole blood, because the number of 

fetal nRBC detected after an invasive procedure is relatively low. This lower than 

expected number of fetal NRBC might be explained by removal of these cells by the 

maternal immune system, or by an inefficient isolation procedure. The suggestion, that 

there is a continuous degradation of fetal cells in the maternal circulation, is supported 

by the findings of Bianchi et al. (1997), who could not detect a difference in the 

quantity of fetal DNA before and after invasive procedures. More research is needed to 

further clarify these aspects. 

Based on these results, we conclude that with the previously described first trimester 

non-invasive screening methods for Down syndrome, fetuses with triploidy will be 

identified as well. Before the isolation of fetal cells from the maternal circulation can be 

introduced as non-invasive diagnostic test, or even as screening method, much more 

basic research is needed. 
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Women prefer first trimester screening for Down syndrome 

Irene M. de Graaf, Tjeerd Tijmstra, Otto P. Bleker and Jan M.M. van Lith 

We determined the knowledge of pregnant women about prenatal diagnostic and 

screening tests, and what tests they would choose if these were offered to them. Also the 

preference of pregnant women for late (second trimester) or early (first trimester) 

screening was assessed. 

Pregnant women receiving antenatal care in a primary care system (n=62), and pregnant 

women that were offered a prenatal diagnostic test (n=148) at the Academic Medical 

Centre in Amsterdam, were included. Women in the first group are at low risk, i.e. 

younger than 36 years of age, the women in the second group are at higher risk of 

carrying a fetus with Down syndrome. A questionnaire was developed, that was sent to 

the woman's home address, or the woman's midwife handed it out at the next visit. 

In both groups the response rate was more than 75%. There was no statistically 

significant difference between both groups, except for maternal age, gestational age and 

gravidity. Most women in both groups would prefer a screening test for Down 

syndrome to be performed in the first trimester of pregnancy. A combination of 

ultrasound nuchal translucency and first trimester serum screening was the option of 

choice. The knowledge about screening possibilities for Down syndrome are less well 

known to the women in the low risk group as compared to the women in the high risk 

group. The offer for a prenatal screening test would have been declined by more than 30 

per cent of women at low risk for carrying a fetus with Down syndrome. 

Our results clearly show that women prefer screening in the first trimester of pregnancy, 

using both serum and ultrasound tests. Compared to those women at higher risk, in 

women at low risk for Down syndrome the knowledge about new prenatal screening 

methods is less, as well as the demand for prenatal screening. 

Submitted for publication. 
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Introduction 

Prenatal diagnosis aims mainly at early detection of Down syndrome, the most common 

cause of serious mental handicap. In the Netherlands women at or older than 36 years of 

age at 18 weeks of gestation are offered invasive prenatal diagnostic procedures. 

However, most children with Down syndrome are born to women younger than 36 

years of age. 

Prenatal screening for Down syndrome in the second trimester of pregnancy using 

maternal age in combination with maternal serum markers is a more effective method to 

identify women at higher risk of carrying a Down syndrome fetus. This screening 

method, and further diagnostic procedure in the screen-positive group, can detect over 

60% of Down syndrome fetuses (Wald et al. 1988; Haddow et al, 1998)), at a false-

positive rate of 5%. 

First trimester screening tests, ultrasound measurement of the nuchal translucency 

thickness (Snijders et ai, 1998) or maternal serum screening (de Graaf er ai, 1999), 

appear to be as effective as second trimester tests, and may have advantages. With 

earlier screening the anxiety caused by the delay in obtaining results can be reduced 

(Green, 1994) and a second trimester termination of pregnancy can be avoided. 

Kornman et al. (1997) have shown, that women who made use of maternal serum 

screening in the second trimester would also do so in the first trimester. It also appeared 

that 44% of the women who were entitled to an invasive diagnostic test due to their age, 

would have allowed the result of first trimester biochemical screening to influence their 

decision regarding the performance of such tests. 

The offer of screening for Down syndrome to pregnant women can create several 

problems. Many studies have been performed about anxiety induced by offering Down 

syndrome screening and by false-positive results (Marteau et al, 1993). Also aspects as 

decision regret (Tijmstra, 1991), the motives of women to accept the offer of prenatal 

diagnosis or screening (Santalahti et al, 1998; Heckerling et al, 1994), and what 

factors influence this uptake (Marteau et al, 1989) have been studied. 

However, about the opinions and wishes of pregnant women regarding the offer of these 

tests is not much known. Our study was conducted to assess women's opinions 

regarding the introduction of new screening methods. The aim of the study was to 

evaluate women's knowledge about prenatal diagnostic and screening tests. We 

assessed whether pregnant women consider first trimester screening preferable to 

second trimester screening. 
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Patients and methods 

The study group consisted of two groups of women, who were asked to complete a 

questionnaire. The questionnaire was anonymous, and could be returned after 

completion in a pre-paid envelope. 

The first group comprised 195 women who visited the outpatient clinic of prenatal 

diagnosis at the Academic Medical Centre in Amsterdam. All women were scheduled 

for pre-test counseling at 10-12 weeks of gestation. During this visit the diagnostic 

procedures and screening possibilities (measurement of the nuchal translucency (NT) or 

second trimester maternal serum screening) were explained. Ninety women of the study 

group underwent an amniocentesis and 57 women a chorionic villus sampling. The 

remaining 48 women chosed for a non-invasive procedure, like first trimester 

ultrasound screening (11), second trimester ultrasound screening (21) or second 

trimester maternal serum screening (16). In the majority of cases the indication for 

prenatal diagnosis was advanced maternal age (155). Other indications were family 

history of genetic disease (9), previously affected child (10), psychosocial (15), a 

positive maternal serum screening result (4) or enlarged NT (2). After the women had 

received the result of the test, a questionnaire was sent to their home address. 

The second group comprised 80 women receiving routine antenatal care in a primary 

obstetrical care system. These women were not informed about Down syndrome 

screening or prenatal diagnosis; ultrasound and other screening methods for fetal 

anomalies in pregnancy were not routinely offered, unless a woman was 36 years or 

older. The midwife handed out the questionnaire. 

Both groups of women were presented with descriptions of four situations concerning: 

invasive prenatal diagnosis (amniocentesis and CVS), first and second trimester 

maternal serum screening, ultrasound screening and combinations of the previously 

described methods (see appendix). After the description they were asked if the 

information given was known to them, and whether they thought this test should be 

offered to all pregnant women. More specific questions about screening or diagnosis, 

early or late screening, and the advantages of either one of them were included into the 

questionnaire. 

The results in both groups were related to maternal age, gestational age, education, 

religion, opinion about abortion, gravidity, previous miscarriages and acquaintance with 

Down syndrome. 
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Results 

Background of the respondents 

The background characteristics of both groups of pregnant women participating in the 

study are listed in table 1. The two groups differed for maternal age (Chi-square test, 

p<0.05), gestational age (p=0.012) and gravidity (p=0.017). 

Table !. Background characteristics of the respondents in both groups. 

High risk group Low risk group 

Response ( %) 148 (76) 62 (78) 
Mean maternal age (range) 37 (26-45) 31 (25-38) 
Mean gestational age (range) 27 (13-39) 30 (13-40) 
Completed high school (%) 95 (64) 35 (56) 
Religious ( %) 33 (22) 17 (27) 
Not against abortion (%) 146 (99) 53 (85) 
Primigravid ( %) 38 (26) 26 (42) 
Previous miscarriages ( %) 49 (33) 17 (27) 
Acquaintance with Down syndrome (%) 58 (39) 21 (34) 

Invasive prenatal diagnosis 

As expected almost all (99%) women in the high-risk group were aware of the 

information about invasive prenatal diagnostic procedures (table 2). Only one woman 

indicated not to be aware of the stated facts (see appendix) . This knowledge is also 

present in the low-risk group (90%). 

Table 2. Women's opinion about the offer and use of invasive tests. 

High risk group Low risk group 
Yes (%) No (%) Yes (%) No (%) 

Knowledge about invasive tests present 147 (99) 1 (1) 56 (90) 6 (10) 

"Amniocentesis or CVS should be offered 
to all pregnant women, irrespective of 
their age. " 

86 (58) 47 (32) 40 (65) 19 (31) 

"A lest, that gives a small risk to cause a 
miscarriage, is nol acceptable". 

18 (12) 118 (80) 19 (31) 35 (56) 

There is a high acceptability in both groups for invasive testing. On the question if an 

invasive procedure should be offered to all pregnant women, irrespective of maternal 

age, 58% of the high-risk women and 65% of the low-risk women answered positively, 

a statistically not significant difference (Chi-square). 
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The risk that these tests can cause a miscarriage is for 12% and 31% women, 

respectively not acceptable. In the high risk group 9 of these 18 women underwent an 

invasive prenatal diagnostic procedure. The women answering positively differed not 

significantly according to previous miscarriage rate or maternal age with the women 

answering negatively. 

Maternal serum screening 

In the Netherlands physicians are not allowed to offer maternal serum screening to 

pregnant women. Therefore, informing women about maternal serum screening is not 

part of standard prenatal counseling. However, the information about maternal serum 

screening was known to 64 per cent of the high-risk women, and to a significantly lower 

percentage (31%) of the women with a lower risk for Down syndrome (table 3). 

Table 3. Women's opinion about maternal serum screening. 

High-risk group Low-risk group 
Yes (%) No (%) Yes (%) No (%) 

Knowledge about maternal serum 
screening present. 

"Maternal serum screening should be 
offered to all pregnant women. " 

95 (64) 53 (36) 

121 (82) 18 (12) 

19 (31) 

44 (71) 

43 (69) 

16 (26) 

Of the questioned women 82%, and 71%, respectively, felt that maternal serum 

screening should be offered to all pregnant women. We found no significant relation 

between education and the knowledge about maternal serum screening in the high-risk 

group. 

There is a strong preference for maternal serum screening in the first trimester (table 4). 

Table 4. Women's preference for early or ate maternal serum screening 

High risk group Low risk group 
Early (%) Late (%) Early (%) Late (%) 

"If maternal serum screening was 
offered to you, should you chose for the 
early or the late lest ? " 

140 (95) 4 (3) 53 (85) 3 (5) 

Of the women in the high risk group 95% would prefer an earlier maternal serum 

screening test, as compared to 85% in the other group. Of all questioned women, only 7 

indicated to prefer maternal serum screening later in pregnancy (4 in the high risk group 

and 3 in the low risk group). These women showed no differences according to age, 

gestational age, previous miscarriage rate, gravidity and education with the total group 

of respondents. 
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Ultrasound and ultrasound screening 

In a decentralized prenatal care system as in The Netherlands, ultrasound is not 

routinely offered to all pregnant women. Of the questioned pregnant population 90 and 

81% respectively thought that an ultrasound scan, to determine the gestational age or to 

exclude a multiple pregnancy, should be offered to all pregnant women. 

Screening for Down syndrome using measurement of the nuchal translucency is studied 

over the past few years. Obviously, this method is known to a lesser extend than 

maternal serum screening; 76% of the high risk group and 32% of the low risk group. 

With the introduction of a new screening method, the need to inform all women is an 

important issue for care providers. We asked women if they thought that during 

ultrasound examination measurement of the nuchal translucency should be a standard 

procedure, or should be done only on request of the patient. Significantly more women 

(Chi-square; p=0.02) in the high-risk group thought that measuring the NT should be a 

standard procedure. Measuring the NT should be done only after informed consent was 

agreed to by 51 and 65%, respectively. 

Table 5. Women's opinion about ultrasound NT screening. 
High-risk group Low risk group 

Yes (%) No (%) Yes (%) No (%) 
Knowledge about NT screening present. 113 (76) 35 (24) 20 (32) 42 (68) 

"Measurement of the NT should be a 
standard procedure. " 

123 (83) 20 (14) 42 (68) 16 (26) 

"Measurement of the NT should be done 
only on request. " 

76 (51) 65 (44) 40 (65) 19 (31) 

Combined screening tests 

In the last section we asked women what screening tests to estimate the risk of carrying 

a fetus with Down syndrome, at what gestational age they preferred (see appendix). The 

options to chose were: no risk-estimating test at all, maternal serum screening in the 

second trimester, maternal serum screening in the first trimester, ultrasound NT 

screening in the first trimester or a combination of first trimester serum and ultrasound 

NT screening. The answers are listed in table 6. 

In the low risk group, 11 women (26%) preferred first trimester serum screening, a 

significantly higher percentage than in the high-risk group. A combination of first 

trimester maternal serum screening and ultrasound NT screening was the preferred test 

combination for 83 and 62%, respectively. 
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Table 6: Preferred screening tests of the respondents. 

High risk 
group 

Low risk 
group 

Maternal serum screening in the second trimester. 

Maternal serum screening in the first trimester. 

Ultrasound NT screening in the first trimester. 

Combined serum and ultrasound screening in the first trimester. 

2 (1%) 
8 (6%) 

13 (9%) 
116 (83%) 

2 (5%) 
11 (26%) 
3 (7%) 

26 (62) 

As main advantages for earlier screening were given earlier re-assurance (60 and 52%), 

and easier termination in case of an affected fetus, technically (61 and 65%) as well as 

less emotional (71 and 65%). The majority indicated not to see any advantages in later 

screening tests. Some women stated that a longer period to think things over might be 

an advantage; 5 in the high risk group and 4 in the low risk group. 

In the low risk group 20 women (32%), and in the high risk group 9 women (6%) would 

never chose a test that only estimates the risk of carrying a fetus with Down syndrome. 

This statistically significant difference was not related to maternal age, gestational age 

or education. 

Discussion 

This study clearly demonstrates that women prefer screening for Down syndrome in the 

first trimester of pregnancy. Obviously, a combination of first trimester maternal serum 

and ultrasound NT screening is preferred. About one third of the general pregnant 

population will not make use of screening tests for Down syndrome offered to them. 

There might be a bias in our study in that in the high-risk group women provided 

preferences about prenatal testing after they had decided which test to have. Since the 

questionnaire was returned anonymously, this can not be excluded. 

The knowledge about invasive prenatal diagnosis, and the acceptability of invasive 

testing, is high (90%) in the general obstetric population. In our study 60% of the 

respondents even stated that CVS or amniocentesis should be offered to the entire 

pregnant population. This could mean that if we were to make these tests more widely 

available, e.g. to younger women, a significant increase in the number of tests carried 

out each year might occur. However, it is not sure that this will happen; in The 

Netherlands in 1966 in the 36-year-old and older age group only 45 per cent of the 

offered invasive tests was accepted (WPD, 1999). This cannot be seen as a consequence 

of lack of information (Mantingh, 1988). Routine offering of prenatal testing to a low-

risk population in the USA resulted in a significant rate of rejection of invasive 

procedures (Druzin et ai, 1993). Of the 591 women aged 35 years or younger, who 
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were given the offer of an invasive diagnostic procedure, only 133 (23%) accepted this 
offer. 

In our study, knowledge about prenatal screening tests for Down syndrome, as second 

trimester maternal serum screening and first trimester ultrasound NT screening, is 

present to a much lesser extent (30%). This can be explained by the fact that in the 

Netherlands maternal serum screening or ultrasound are not routinely offered to 

pregnant women. Elsewhere, one of the prime objectives of a screening program is 

considered to provide information to all prospective parents. To allow them to make 

informed decisions (Royal College of Obstetricians and Gynaecologists, 1993). An 

amazing finding in our study is that almost half of the respondents, when questioned 

about ultrasound NT screening, state that measurement of the NT should be done 

routinely, and not only on request of the patient. Moreover, 55% of the respondents 

clearly stated that measuring the NT thickness should only be done if the patients 

requests for it. 

The acceptability of screening tests in our study is high. Between 75 and 85% of the 

respondents thought that maternal serum screening or ultrasound NT screening should 

be offered to the entire pregnant population. This great demand for information about 

and possibility for prenatal screening tests for Down syndrome shows a marked 

difference with the policy of the Dutch Government concerning prenatal screening for 

Down syndrome. 

When introducing a new screening method, care providers should be aware that some 

women are willing to participate in almost anything offered to them, and that the 

responsibility is with those who advice the use of the new technology. Roelofsen et al. 

(1993) found that women participate in serum screening because it seemed an obvious 

thing to do. These findings could not be confirmed in our study. In the group of women 

with a low risk for Down syndrome, 30% would not accept the offer of a screening test 

for Down syndrome. 

In conclusion, in the general Dutch pregnant population the knowledge and 

acceptability of invasive prenatal diagnostic tests is high. Knowledge about screening 

tests is present to a much lesser extend, although there is a great demand for ultrasound 

and maternal serum screening. Pregnant women prefer screening for Down syndrome 

by a combined serum / NT- test to be performed in the first trimester. This could mean, 

that after a negative screening result in the first trimester, women will choose to wait 

with an invasive test till 15 weeks of gestation. Fewer CVS and more amniocentesis will 

be done, which means more reliable results and a lower miscarriage rate. Counseling 

remains of great importance; also in our study women found the risk that they actually 

had acceptable and yet decide to undergo an invasive procedure. Obviously pregnant 
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women know very well what they want; 30% would not accept screening. Health policy 

makers should understand our results well. The majority of all pregnant women wants 

to be informed about and to be offered first trimester screening tests for Down 

syndrome, and will accept those tests. Nowadays those tests should be made available to 

them. 
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Appendix 

/. Prenatal diagnosis 
Pregnant women at or older than 36 years of age are at higher risk for a Down syndrome fetus. For 
instance, the risk for a Down syndrome fetus at the age of 38 years 1 in 100, at the age of 28 years this 
risk is approximately 1 in 750. In the Netherlands, women at or older than 36 years of age are offered 
diagnostic tests for Down syndrome. These diagnostic tests are chorionic villus sampling or 
amniocentesis. These tests carry a miscarriage risk due to the procedure (a risk of 1 in 100 or 1%). If an 
affected fetus is found, the pregnancy can be terminated. Women younger than 36 years of age are not 
offered prenatal diagnostic tests. 

1.1 Were you aware of this information ? 
2.1. Chorionic villus sampling or amniocentesis should be offered to all pregnant women, 

irrespective of their age. 

2. Maternal serum screening 
With maternal serum screening it can be determined if the risk of carrying a Down syndrome fetus is 
high or low. This maternal serum screenings test can be performed from 15 weeks of gestation onwards. 
If the result of the test is positive, which means a risk greater than 1 in 250, an amniocentesis can be 
performed. The result of the amniocentesis will be available at 18 weeks of gestation. If an affected fetus 
is found, the pregnancy can be terminated (by induction of labour). 

2.1. Were you aware of this information ? 
2.2. Maternal serum screening should be offered to all pregnant women. 

Recent studies have shown that maternal serum screening can be performed earlier in pregnancy, from 8 
weeks of gestation onwards. If a higher risk for Down syndrome is found, chorionic villus sampling is 
still an option. The result from chorionic villus sampling will be available at 12 weeks of gestation. In 
case an affected fetus is found, the pregnancy can be terminated with suction. 

2.3. If maternal serum screening was offered to you, should you chose for the early or late tests ? 

3. Ultrasound 
Many pregnant women are offered ultrasound examination early in pregnancy. At ultrasound examination 
the gestational age can be determined. It is also possible to see if it is a singleton or multiple pregnancy. 
Ultrasound examination is save for mother and fetus. 

3.1. Ultrasound examination should be offered to all pregnant women. 

During ultrasound examination the nuchal translucency thickness can be measured, and the risk of 
carrying a Down syndrome fetus can be calculated. Measuring the nuchal translucency thickness can be 
performed between 11 and 13 weeks of gestation. If an enlarged nuchal translucency thickness is seen, 
the chance that the fetus has Down syndrome is increased. Chorionic villus sampling or amniocentesis 
can be performed to give a conclusive result. If an affected fetus is found, the pregnancy can be 
terminated. 

3.2. Were you aware of this information ? 
3.3. Measurement of the NT should be a standard procedure during ultrasound examination. 
3.4. Measurement of the NT should be done only on request of the patient. 

4. Combined screening tests 

4.1. What test should you chose to calculate your risk of carrying a fetus with Down syndrome ? 
a. I should never chose a test that only gives a risk estimation. 
b. Maternal serum screening at 15 weeks of gestation. 
c. Maternal serum screening at 8-13 weeks of gestation. 
d. Ultrasound NT screening at 11 -13 weeks of gestation. 
e. A combination of ultrasound and maternal serum screening at 8-13 weeks of gestation. 
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Summary and discussion 

Introduction 

Down syndrome, the most frequent cause of mental handicap, can be detected prenatally 

by chromosome analysis of cultured amniocytes or chorionic villus cells. Amniocentesis 

(AC) and chorionic villus sampling (CVS) are invasive procedures and carry a risk of 

fetal loss due to the procedure. Another disadvantage of AC is the relative late time in 

gestation that the test is performed, from 14 weeks onwards. A karyotype will be 

available within 3 weeks, at a gestational age of 17 weeks. In case an affected fetus is 

found, the pregnancy can be terminated by induction of labour. This long waiting period 

for the results, and the late pregnancy termination in case of an affected fetus, is 

stressful for many pregnant women. 

Earlier prenatal diagnosis is possible with chorionic villus sampling (CVS). CVS is 

normally performed from 10 weeks onwards. A karyotype is available within 10 days, 

which is at a gestational age of around 12 weeks. If an affected fetus is found, the 

pregnancy can be terminated by suction. The most serious complication is a procedure-

induced miscarriage, which occurs more often than after amniocentesis (0.5% as 

compared to 0.3%). Another disadvantage of CVS is that it may give an inconclusive 

result, as with anomalies confined to the placenta and maternal cell contamination, 

which may require a follow-up amniocentesis. 

In the Netherlands, all women aged 36 years or older at a gestational age of 18 weeks 

are offered an invasive prenatal diagnostic procedure. Approximately 14% of the live 

births in the Netherlands is from women aged 36 years or older, and almost 45% of 

these women at higher risk for a child with Down syndrome accept the offer of an 

invasive prenatal diagnostic test. 

In regional screening programmes in some countries maternal serum screening 

programs in the second trimester of pregnancy for the detection of Down syndrome or 

neural tube defects are implemented. Many studies have been performed on the 

efficiency of measuring concentrations of maternal serum alpha-fetoprotein (AFP), 

human chorionic gonadotrophin (hCG) and unconjugated estriol (uE3) in screening for 

Down syndrome. In comparison to screening based upon maternal age, Down syndrome 

detection rate can be increased with maternal serum screening from 30 to 60%, to a 

false positive rate of 5% in a general pregnant population. One of the main 

disadvantages of second trimester maternal serum screening with subsequent invasive 

prenatal diagnosis is the late termination of pregnancy in case an affected fetus is found. 
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The limitations of invasive testing and second trimester maternal serum screening led to 

the search for first trimester markers. The maternal serum markers used in the second 

trimester of pregnancy do not work as well in the first trimester, so other markers were 

studied. Pregnancy-associated plasma protein A (PAPP-A) and free beta-human 

chorionic gonadotrophin (free ß-hCG) were found to be useful in discriminating Down 

syndrome pregnancies from unaffected pregnancies at 8 to 14 weeks of gestation. 

In 1990 the association between a subcutaneous nuchal fluid accumulation in the first 

trimester and trisomy 21 was reported. Measurement of the nuchal translucency (NT) 

thickness, as this ultrasound feature was called according to its appearance, was shown 

to be a useful marker for fetal aneuploidy, especially for Down syndrome. Measurement 

of the NT thickness at a gestational age between 11-14 weeks, can detect 70% of the 

Down syndrome cases in a population attending a prenatal diagnostic centre, at a false 

positive rate of 4.6%. 

However, the main challenge in prenatal diagnosis is to develope a test that is 100 per 

cent reliable, carries no risk of fetal loss and can be performed in the first trimester of 

pregnancy. The isolation of fetal cells from maternal blood might be such a test. Fetal 

cells are very rare in the maternal peripheral circulation. Several isolation techniques 

have been tested, as fluorescent activated cell sorting (FACS) and magnetic activated 

cell sorting (MACS), all with disappointing results. 

It may be obvious that many improvements can be made in prenatal screening. This 

thesis deals with the following questions with respect to first trimester prenatal 

screening for Down syndrome. 

Can measurement of the nuchal translucency in the first trimester of pregnancy be 

combined with first trimester maternal serum screening for Down syndrome? 

In Chapter 2 the aneuploidy detection rate achievable by early pregnancy screening with 

the combination of PAPP-A, free beta-hCG and ultrasound NT measurement was 

determined. Stored samples were tested from a total of 37 pregnancies found to have 

Down syndrome and 8 pregnancies with Edwards syndrome together with 255 controls. 

In Down syndrome medians were: for PAPP-A 0.63 MOM, for free-beta hCG 1.88 

MOM and for NT 2.34 MOM. Using these parameters in combination with maternal 

age, the expected detection rate at a 5% false-positive rate for different marker 

combinations were: 55.3% for PAPP-A and free-beta. Measurement of maternal age and 

the NT could have detected 68% of Down syndrome fetuses in this study. A 
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combination of maternal age, NT and the first trimester serum markers PAPP-A and 

free beta-hCG could have detected 85% of Down syndrome fetuses in early gestation. 

Therefore a high detection rate for Down syndrome can be achieved in a population 

attending a prenatal diagnostic centre in early pregnancy by using maternal age and the 

combined measurement of maternal serum PAPP-A and free beta-hCG and ultrasound 

NT thickness. First trimester screening should be based on a combination of maternal 

age, serum markers and nuchal translucency. 

In chapter 3 the influence of maternal weight, maternal smoking habits, gravidity, parity 

and fetal gender on the levels of the maternal serum marker concentrations used in first 

trimester serum screening for Down syndrome, PAPP-A, free beta-hCG and AFP, were 

determined. A total of 2449 singleton, unaffected pregnancies from two centres 

(Amsterdam and Leeds) were studied. Maternal weight showed a statistically significant 

negative association with all three markers and in the subsequent analysis MOM values 

were weight adjusted using standard methods. The median PAPP-A level in smoking 

pregnant women was 0.81 MOM, the median free beta-hCG level was also reduced but 

not significantly. The median AFP level in primagravidae was significantly higher than 

in gravid women. The median PAPP-A level in primagravidae was lower, but it did not 

reach statistical significance. Results of a similar magnitude and direction were found 

for parity. The median levels for free beta-hCG were higher, and median AFP levels 

lower in pregnancies with a female fetus. 

Maternal weight and, for PAPP-A, maternal smoking are important first trimester serum 

screening co-variables. More data on first trimester serum screening need to be 

collected to determine the extent to which Down syndrome risk calculation should be 

modified for these factors. 

Can measurement of the nuchal translucency thickness be introduced in routine 

ultrasound practice? 

In chapter 4 the extra scanning time needed to measure the NT thickness during 

ultrasound examination for dating of pregnancy was determined. A total of 160 

ultrasound scans were recorded on print, and the time difference between the 

measurements (CRL, BPD and NT) was calculated. The average time needed for a first 

trimester scan including measurement of the NT thickness was almost 9 minutes. The 

extra time needed for NT measurement was almost 5 minutes. 

It was therefore concluded that performance of nuchal translucency screening fits well 

within the time schedule of a routine ultrasound practice. 
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In chapter 5 the longitudinal course of nuchal translucency thickness by weekly 

measurements between 10 and 15 weeks of gestation in normal fetuses was examined to 

determine if each fetus develops a measurable nuchal translucency at a certain stage or 

if in some fetuses this finding remains not measurable during the whole period. The NT 

was measured weekly in 64 fetuses with a normal pregnancy outcome. In 94% of the 

cases, an increase was followed by a steady decrease in NT thickness. A visible NT was 

found after 76 and 86 days of gestation in 97 per cent and 100 per cent of the fetuses, 

respectively. The median NT increased from 0.7 mm at 70 days of gestation to 1.7 mm 

at 91 days of gestation, after which it decreased to 1.0 mm at 105 days of gestation. A 

progressive increase and subsequent decrease in NT thickness appeared to be fetus-

specific. If the NT measurement is 0 mm before 86 days of gestation, it may be 

advisable to repeat the measurement at or after 86 days gestation. 

In chapter 6 the influence of fetal position during ultrasound examination was examined 

to determine if the nuchal translucency thickness is altered by a prone or supine fetal 

position. In 62 fetuses that turned from a prone to a supine position or vice versa during 

transabdominal ultrasound examination, the NT was measured twice, once for each 

position. Every measurement was scored on picture, using an image scoring method. 

The mean thickness of the NT in fetuses lying in a prone position was 1.76 mm, as 

compared to fetuses lying in a supine position with a mean NT thickness of 1.77 mm. 

The mean quality scores for fetuses lying in prone and supine position were the same. 

From this study it is apparent that fetal position has neither an influence on the thickness 

of the nuchal translucency, nor on the quality of the measurement of the nuchal 

translucency thickness. The thickness of the nuchal translucency can reliably be 

measured in either position. 

In chapter 7 a case is presented of a fetus in which at 12 weeks of gestation an enlarged 

nuchal translucency of 5 mm was detected. After amniocentesis the karyotype turned 

out to be normal. Subsequent ultrasound examination showed no obvious fetal 

abnormalities apart from a mild pericardial effusion. In maternal serum levels of second 

trimester uE3 and total hCG were very low. After birth, Zellweger syndrome was 

diagnosed. 

A positive screening result for Down syndrome using measurement of the NT thickness 

and second trimester maternal serum concentrations, revealing a normal karyotype after 

amniocentesis, should allert every clinician for the presence of a rare genetic syndrome, 

such as Zellweger syndrome. This elicits the influence of high skilled ultrasound 
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examination at 18-22 weeks of gestation. However, the clinical relevance will be limited 

due to the low incidence and high number of different genetic syndromes. 

Can fetal cells be isolated from the maternal peripheral circulation and be used in 

prenatal diagnosis for Down syndrome? 

In chapter 8 a system for the enrichment, identification and analysis of fetal cells in 

maternal peripheral blood was evaluated. Blood samples from pregnant women were 

collected after CVS, and enriched for the presence of nucleated red blood cells (NRBC). 

A three step enrichment procedure was used, with first centrifugation to separate blood 

plasma, white blood cells, nucleated red blood cells and red blood cells. The layer 

containing the nucleated red blood cells was isolated for the next step in the enrichment 

procedure: selective lysis of maternal red blood cells. In the last step the cells were put 

over a three layer density gradient. To identify the fetal origin of the remaining 

nucleated red blood cells, the cells were stained for fetal haemoglobin (HbF). To 

distinguish NRBCs from white blood cells, CD45, an antibody against white blood 

cells, was used. The sex chromosome complement of the cells was determined by 

fluorescent in situ hybridisation (FISH) with X and Y specific probes, and the result was 

compared with the karyotype obtained after analysis of chorionic villi. The cells were 

analysed using automated microscopy. All cases with a male fetus yielded at least one 

male fetal nucleated red blood cell, while no male cells were found in the cases with 

female fetuses. In 61% of the cases with a male fetus, female HbF positive cells were 

found, indicating the presence of maternal nucleated red blood cells. 

The combination of HbF and CD45 is useful in identifying fetal NRBCs, bot not fully 

specific for fetal NRBCs. After an invasive procedure fetal cells can be isolated from 

the maternal peripheral circulation, and analysed, using the described method. 

In chapter 9 a case of fetal triploidy in which fetal nucleated red blood cells were 

isolated from the maternal peripheral blood at 12 weeks of gestation after an invasive 

procedure is reported. FISH analysis with X and Y specific probes revealed three 

hybridisation signals for the X chromosome in 13 cells. The karyotype as established 

after CVS was shown to be 69, XXX. The first trimester serum marker concentrations 

of PAPP-A and free beta-hCG were decreased. An enlarged nuchal translucency of 5 

mm was seen at 13 weeks of gestation. 

With a combination of all previously described non-invasive methods in prenatal 

screening, fetuses with triploidy can be identified. 
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What prenatal diagnostic or screening test do pregnant women prefer, and at what 

gestational age? 

In chapter 10 the opinion of pregnant women about prenatal diagnostic and screening 

methods was determined. They were asked which tests and at which gestational age 

they would choose if these screening or diagnostic tests were offered to them. A 

questionnaire was given to two groups of women; women with an indication for 

prenatal diagnosis (n=148) and women at low risk for Down syndrome receiving 

normal antenatal care in a primary care system (n=62). 

In both groups the response rate was high (75%). Most women would prefer Down 

syndrome screening to be carried out in the first trimester of pregnancy, using a 

combination of maternal serum screening and ultrasound NT screening. The offer of 

prenatal screening would be declined by 30% of the respondents, most of them at low 

risk for Down syndrome. 

The knowledge about prenatal screening methods besides maternal age was low. 

Knowledge about invasive prenatal diagnostic tests was considerably better. Almost 

70% of all questioned women answered that invasive prenatal diagnosis should be 

offered to all pregnant women, regardless of their age. 

In both groups a high percentage of women wanted to be informed about screening 

possibilities for Down syndrome. Offering prenatal screening to all pregnant women 

will result in an uptake of around 70% for the first trimester screening tests. Counselling 

pregnant women about the possibilities in prenatal screening or diagnosis is very 

important. 

Discussion 

First trimester screening 
In the Netherlands prenatal screening for Down syndrome based solely on maternal age 

is subject of discussion. At present, better tests to identify women at higher risk for 

Down syndrome are available. Therefore, nowadays prenatal diagnosis could be more 

efficiently offered to women at higher risk for Down syndrome. At present, the majority 

of children with Down syndrome are born from younger women. If prenatal screening 

also would be offered to all pregnant women, more fetuses with Down syndrome will be 

detected prenatally, with an equal or even lower number of invasive tests to be 

performed. From this point of view it is obvious that a screening policy based on 
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maternal age alone should be abandoned or at least be supplemented with other methods 

of screening. 

The findings regarding first trimester Down syndrome screening reported in this thesis 

supply evidence that maternal age can be combined with measurement of serum 

markers and ultrasound nuchal translucency thickness. Identifying women at higher risk 

for Down syndrome using this screening method, can lead to a decrease in the number 

of invasive tests to be performed. Fewer invasive tests means that the number of 

procedure related miscarriages will decrease. In the Netherlands approximately 100 

invasive procedures are carried out to detect one fetus with Down syndrome. 

An issue to be considered when first trimester screening is carried out, is that a 

proportion of Down syndrome pregnancies detected through prenatal screening and 

terminated subsequently, would have aborted spontaneously if no prenatal diagnosis had 

been carried out. This proportion of spontaneous loss is higher in early pregnancy. It is 

important to determine the magnitude of this effect so that it can be taken into account 

when assessing the results of prenatal screening programmes for Down syndrome. 

Failure to do so will tend to overestimate the detection rate in intervention studies in 

which the screening results are used to select women for a diagnostic test and the offer 

of a termination of the pregnancy if an affected fetus is found. This will create an 

"ascertainment bias"; the detected cases are ascertained, but missed cases are detected at 

term without including those that end in a spontaneous abortion. As was mentioned in 

the introduction, studies have calculated this fetal loss rate in Down syndrome 

pregnancies. Between the time of CVS (10-12 weeks of gestation) and term 

approximately 40% of Down syndrome pregnancies will end in a miscarriage or still 

birth. Between the time of amniocentesis (15-16 weeks of gestation) and term, 

approximately 20% of Down syndrome pregnancies will end in a miscarriage or still 

birth (Morris et al, 1999). The differences in these rates should be used to adjust the 

detection rates when comparing first-trimester with second-trimester screening methods. 

This information should also be included in the counselling of pregnant women for 

(biochemical) screening programs for Down syndrome. Women are indicated to be at 

high risk for Down syndrome when this risk equals or exceeds 1 in 250. In some 

screening programmes this figure refers to the risk at term, but some programmes quote 

the risk at the time of screening. For example, the odds of a fetus with Down syndrome 

for a 35 year old woman will be approximately 1 in 180 in the first trimester of 

pregnancy, but approximately 1 in 370 at term (Macintosh et ai, 1995). Both figures are 

correct, but the individual woman may perceive them very differently. In order to 

reduce confusion, citing risks should be standardised towards live-born children. 
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Fetal cells In maternal blood 

The isolation of fetal cells from the maternal circulation is an attractive approach to 

perform non-invasive prenatal diagnosis. However, the average number of fetal cells 

detected is very low. 

The problems associated with the identification and analysis extensively studied and 

almost solved. Since fetal haemoglobin containing cells are also present in the adult 

circulation of non-pregnant women, this marker alone is not suitable. If a highly specific 

marker for fetal nucleated red blood cells should be available, an accurate genetic 

diagnosis could be made on only a few isolated cells. The combined staining against 

fetal and embryonic haemoglobin can improve specificity (Mesker et al, 1998). 

Isolating the few fetal cells from the maternal circulation without loosing even one fetal 

cell, remains the main problem where further research should be focused on. 

Apart from studies on the detection of fetal nucleated cells in maternal peripheral blood, 

studies on the presence of fetal nucleated cell (throphoblast cells) in the endocervical 

canal have been performed (Adinolfi, 1995; Rodecke? ai, 1995). The throphoblast cells 

are harvested from the lower uterine pole or from the endocervical canal using uterine 

lavage, endocervical lavage, cervical swabs, and flushes. In these studies the fetal cell 

yield is low, and maternal cell contamination limits the use in prenatal diagnosis. 

Furthermore, the safety of these "semi-invasive" procedures can not be guaranteed; as 

with early CVS, there is an increased risk of severe limb reduction after uterine lavage 

at 7-8 weeks of gestation (Chou et al, 1997). 

A promising approach is the development of a real-time quantitative PCR assay to 

measure the concentration of fetal DNA in maternal plasma. Recent studies have 

reported on the presence of fetal DNA in maternal plasma and serum (Lo et al, 1997). 

Surprisingly high mean concentrations of fetal DNA (3.4%-6.2%) in total maternal 

plasma DNA were demonstrated (Lo et al, 1998). It has previously been reported that 

significantly more fetal cells could be isolated from the maternal circulation in case of 

an aneuploid fetus (Bianchi et al, 1997), leading to the hypothesis that also more fetal 

DNA could be detected in this situation. Fetal aneuploidy might be suspected by an 

increased amount of fetal DNA in the maternal plasma. 

It is already possible to determine the fetal RhD status in case of RhD negative pregnant 

women using RhD PCR analysis of maternal plasma DNA in the second and third 

trimester of pregnancy (Faas et al, 1998). 

Many mechanisms could explain the finding of fetal DNA in maternal plasma. One 

possibility is continuous leakage or transfer of fetal cells across the placenta, followed 

by rapid destruction through the maternal immune system, leaving fetal DNA in the 

plasma. Research on the isolation of fetal cells from maternal blood could actually be a 
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search for a limited fraction of what was once there. Another explanation is that there is 

active remodelling of the placenta at the fetal/maternal interface, with continuous cell 

lysis and release of fetal DNA into the maternal circulation. Loet al. (1998) speculated 

that there is a developmentally associated apoptosis of fetal cells. 

Further research must be directed towards understanding the physiological implications 

of this extensive "leakage" of fetal DNA, and towards the specific factors that influence 

the extend of this "leakage", such as fetal aneuploidy, or placental insufficiency, or 

maybe even fetal well-being. 

The Dutch situation 

In 1991 The Health Council of the Netherlands was asked to inform the Dutch 

Government about prenatal screening and screening for hereditary diseases. The 

following is quoted from the report published by the Health Council of the Netherlands: 

Committee Genetic screening, in 1994. 

"The early detection of hereditary diseases can reduce and prevent suffering. It 

can offer people choices in situations where previously their fate was 

preordained, yet it can also cause suffering. Moreover, the inaccurate 

interpretation of genetic information has caused a great deal of damage in the 

past. This is one of the reasons why the committee deals extensively with the 

possible advantages and disadvantages of genetic screening and with the 

conditions which must been fulfilled before screening is carried out. One of these 

conditions is that those who participate in genetic screening must act voluntary, 

after proper information of what is involved. In order to guarantee that screening 

remains voluntary, the committee considers it vital that an adequate level of care 

for the handicapped be maintained. 

People in the target groups who are offered genetic screening are thus always 

faced with having to make a choice. Deciding not to take part may also have 

consequences. 

Voluntary participation based on information that has been properly understood 

is absolutely essential in the case of genetic screening. 

If genetic screening meets a number of preconditions and has a positive balance 

of advantages and disadvantages, the principle of equality of access to health 

care justifies inviting people to undergo screening rather than waiting for them to 

request it. After all, this is one way of ensuring that the test is not only available 

to those who are already aware that it exists. " 
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After publication of this report, the Population Screening Act (WBO, 1996) was 

enforced. This law requires central government approval for all screening programmes 

concerning incurable conditions. At present none of the screening programmes 

concerning prenatal screening for Down syndrome has been approved by the 

government, with the exception of maternal age screening. The complexity of this 

subject lead to a renewed request for information from the government to the Dutch 

Health Council. A new committee, the "Committee prenatal screening", will advice the 

government about prenatal screening strategies for Down syndrome. 

It is hoped, that the Dutch government will eventually decide on a routine offer of first 

trimester screening to the entire pregnant population. Such a first trimester screening 

programme should be based on maternal age, ultrasound measurement of the nuchal 

translucency and maternal serum screening. 

All women should receive adequate information about Down syndrome screening. The 

limitations of screening tests, false-positive and false-negative results, should be 

included into this information. Giving this information can cause anxiety, but this is not 

a good enough reason to justify that someone else should decide what is best for a 

person instead of the person involved (Pajkrt, 1998). The decision of the health care 

provider what is best for the patient should be based on scientific knowledge, 

experience and clinical examination. The decision of the patient, or in this case pregnant 

woman, what strategy is best for her can be based on values and beliefs that may go 

beyond the health-related interest. The woman's autonomy should be respected. 

This thesis clearly shows that the majority of pregnant women respond in favour of first 

trimester screening for Down syndrome, and that a minority of pregnant women will 

decline these new possibilities offered. Thorough information for the public, individual 

counselling and of course deep respect for the autonomy of the pregnant women will 

allow for a justified introduction of these important new possibilities in first trimester 

prenatal screening for Down syndrome. 
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Down syndroom is een chromosomale afwijking die gepaard gaat met mentale 

retardatie. Door naar chromosoomaantallen in vruchtwater- of placenta-cellen te kijken, 

kan dit syndroom voor de geboorte (prenataal) aangetoond worden. Hiervoor is een 

vruchtwaterpunctie of een vlokkentest noodzakelijk. Dit zijn invasieve procedures en 

kunnen een miskraam veroorzaken. Bovendien kan een vruchtwaterpunctie pas vanaf 

een zwangerschapsduur van 15 weken plaatsvinden. Het karyogram kan binnen 3 weken 

na de vruchtwaterpunctie bekend zijn. De zwangerschap is dan tot 18 weken gevorderd. 

Als een afwijkend karyogram wordt gevonden, kunnen de ouders besluiten de 

zwangerschap te beëindigen. Dit gebeurt door artificieel de baring op te wekken. Het 

lange wachten op de uitslag en deze methode van zwangerschapsbeëindiging is 

emotioneel zeer belastend. 

Een vlokkentest maakt prenatale diagnostiek eerder in de zwangerschap mogelijk. Deze 

test wordt meestal vanaf een zwangerschapsduur van 10 weken uitgevoerd. Het 

karyogram kan binnen 10 dagen, dus bij een zwangerschapsduur van ongeveer 12 

weken, bekend zijn. Mochten de ouders besluiten de zwangerschap te beëindigen als 

een afwijkend karyogram wordt gevonden, dan kan dat gedaan worden met een 

curettage. Na een vlokkentest is de kans op een miskraam iets groter dan na een 

vruchtwaterpunctie (0.5% in vergelijking tot 0.3%). Een ander nadeel van de 

vlokkentest is, dat deze test niet altijd een betrouwbare uitslag geeft. Dat kan 

veroorzaakt worden doordat er te veel moederlijke cellen in het biopt aanwezig zijn, 

maar er zijn ook afwijkingen die zich tot de placenta beperken. In die gevallen moet 

alsnog een vruchtwaterpunctie worden verricht. 

De kans op het krijgen van een kind met Down syndroom neemt toe met de leeftijd van 

de moeder. In Nederland krijgen alle zwangere vrouwen die 36 jaar of ouder zijn in de 

18e week van hun zwangerschap invasieve prenatale diagnostiek aangeboden omdat 

deze vrouwen een hoger risico op een kind met syndroom van Down hebben. Ongeveer 

14% van alle kinderen in Nederland wordt geboren in de groep vrouwen van 36 jaar of 

ouder en bijna 45% kiest voor invasieve prenatale diagnostiek. Maternale leeftijd is dus 

een methode om te screenen. Een andere screeningsmethode is maternale serum 

screening. Bij maternale serum screening wordt in het tweede trimester van de 

zwangerschap de concentratie bepaald van alpha-fetoproteine (AFP), humaan chorion 

gonadotrophine (hCG) en ongeconjugeerd oestriol (uE3). Als alleen de maternale 

leeftijd wordt gebruikt kan 30% van de foetussen met Down syndroom prenataal 

worden aangetoond, wordt die gecombineerd met maternale serum screening dan kan 

dit percentage worden verhoogd tot 60%, voor een vastgesteld aantal fout positieve 
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testen van 5%. Bij een verhoogd risico op een foetus met Down syndroom wordt een 

invasieve test aangeboden. 

De beperkingen van invasieve testen en maternale serum screening in het tweede 

trimester hebben geleid tot onderzoek naar maternale serum screening in het eerste 

trimester. De serum markers die gebruikt worden in tweede trimester zijn minder 

geschikt in het eerste trimester van de zwangerschap. Met Pregnancy-associated plasma 

protein A (PAPP-A) en de vrije beta-keten van hCG (free ß-hCG) kunnen 

zwangerschappen met Down syndroom en chromosomaal normale foetussen tussen 8 en 

14 weken zwangerschap onderscheiden worden. 

In 1990 is voor het eerst een associatie beschreven tussen een onderhuids vochtlaagje 

bij de nek van de foetus (nuchal translucency) en trisomie 21. Door meting van de dikte 

van deze nuchal translucency (NT) bleek 70% foetussen met Down syndroom prenataal 

te kunnen worden aangetoond tussen 11 en 14 weken zwangerschapsduur. 

De grote uitdaging in prenatale diagnostiek is echter het ontwikkelen van een test die 

100% betrouwbaar is, die geen risico geeft op een miskraam en die vroeg in de 

zwangerschap kan worden uitgevoerd. De isolatie van foetale cellen uit de maternale 

bloedcirculatie zou in principe zo een test kunnen worden. Foetale cellen komen niet 

veel voor in de maternale perifere circulatie. Verschillende isolatie technieken zijn al 

getest, zoals fluorescent activated cell sorting (FACS) en magnetic activated cell sorting 

(MACS), alien met teleurstellend resultaat. 

Blijkbaar kan er op het gebied van prenatale screening nog veel verbeterd worden. Dit 

proefschrift gaat in op de volgende vragen betreffende screening op Down syndroom in 

het eerste trimester van de zwangerschap: 

Kan meting van de NT gecombineerd worden met maternale serum screening in 

het eerste trimester van de zwangerschap? 

In hoofdstuk 2 wordt bepaald welk percentage foetussen met een chromosomale 

afwijking gedetecteerd zou kunnen worden door middel van de maternale leeftijd 

gecombineerd met meting van de NT en de concentratie van zowel PAPP-A als vrij ß-

hCG in het maternale serum. Er is ingevroren serum gebruikt van zwangere vrouwen, 

waarin 37 keer Down syndroom en 9 keer Edwards syndroom (trisomie 18) is 

vastgesteld. Ter controle zijn 255 serum monsters getest van zwangerschappen waarbij 

een chromosomaal normale foetus was gediagnosticeerd. 

Bij Down syndroom is voor PAPP-A en vrij ß-hCG de mediaan 0.63 MOM (multiple of 

the median) respectievelijk 1.88 MOM, en voor de NT is de mediaan 2.34 MOM. Met 
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behulp van een combinatie van matemale leeftijd en de serum markers PAPP-A en vrij 

ß-hCG kan 55.3 % van de foetussen met Down syndroom prenataal worden aangetoond. 

Met een combinatie van de maternale leeftijd met NT kan 68% worden gedetecteerd. 

Meting van de NT, PAPP-A en vrij ß-hCG in combinatie met de maternale leeftijd kan 

85% van de foetussen met Down syndroom vroeg in de zwangerschap detecteren, voor 

een vastgesteld percentage fout-positieve uitslagen van 5%. 

Een hoog percentage foetussen met Down syndroom kan dus vroeg in de zwangerschap 

worden gedetecteerd als gebruik gemaakt wordt van deze vier variabelen. De conclusie 

van hoofdstuk 2 is dan ook dat een screeningsprogramma in het eerste trimester 

gebaseerd zou moeten zijn op bepaling van deze variabelen. 

In hoofdstuk 3 wordt bepaald of het maternale gewicht, de rookgewoontes van de 

moeder, het aantal voorafgaande zwangerschappen en bevallingen, en het geslacht van 

de foetus invloed hebben op de concentraties van PAPP-A, AFP en vrij ß-hCG. 

In totaal zijn 2449 ongecompliceerde zwangerschappen onderzocht. Alle onderzochte 

markers vertonen een statistisch significante negatieve associatie met maternaal 

gewicht. De mediane waarde van PAPP-A in rokende vrouwen was verlaagd ten 

opzichte van niet-rokende vrouwen van 1.07 MOM naar 0.81 MOM, de mediane 

waarde van vrij ß-hCG was ook verlaagd, maar niet significant. De mediane waarde 

voor AFP was significant hoger (1.04 MOM) in vrouwen die voor het eerst zwanger 

zijn (primi-gravidae), in vergelijking tot multi-gravidae. Voor pariteit (het aantal 

voorafgaande bevallingen) werd voor AFP een vergelijkbaar resultaat gevonden. De 

mediane waarde voor vrij ß-hCG was hoger (1.04 MOM), en de mediane waarde voor 

AFP lager (0.96 MOM) in zwangerschappen waarin de foetus van het vrouwelijke 

geslacht bleek te zijn. 

Gewicht, en voor PAPP-A ook de rookgewoontes van de moeder zijn belangrijke co-

variabelen in eerste trimester maternale serum screening. Als meer data beschikbaar 

komen, zal bekeken moeten worden of risico berekeningen voor Down syndroom 

aangepast moeten worden voor deze co-variabelen. 

Kan meting van de NT plaatsvinden in een routine echopraktijk? 

In hoofdstuk 4 is bepaald hoeveel extra tijd nodig is om tijdens een termijnecho ook de 

NT te meten. Van in totaal 160 eerste trimester echo-onderzoeken werd de tijd 

opgenomen. Gemiddeld is 9 minuten nodig voor een termijnecho, inclusief een meting 

van de dikte van de NT. Van deze 9 minuten werd gemiddeld 5 minuten aan de meting 

van de NT besteed. In de meeste echopraktijken wordt voor een termijnecho 15 minuten 
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gereserveerd. Meting van de NT kan dus plaatsvinden binnen het tijdsschema van een 

routine echopraktijk. 

In hoofdstuk 5 is naar de fysiologische variatie in de dikte van de NT bij normale 

foetussen tussen 10 en 15 weken zwangerschapsduur gekeken. Om te bepalen of alle 

foetussen een meetbare NT ontwikkelen bij een bepaalde zwangerschapsduur, is 

wekelijks de NT gemeten in 64 foetussen. Er ontwikkelde zich een zichtbare NT na 76 

en 86 dagen zwangerschap in respectievelijk 97% en 100% van de foetussen. De 

mediane dikte van de NT steeg van 0.7 mm bij een zwangerschapsduur van 70 dagen tot 

1.7 mm bij een zwangerschapsduur van 91 dagen, waarna de NT meting afnam tot 1.0 

mm bij 105 dagen zwangerschap. Het tijdstip waarop de maximale dikte van de NT 

werd waargenomen bleek verschillend bij individuele foetussen. Als de NT voor 86 

dagen zwangerschap (nog) niet te meten is, zou de meting herhaald moeten worden. Bij 

het berekenen van de kans op Down syndroom dient rekening te worden gehouden met 

deze variatie in de dikte van de NT in tijd. 

In hoofdstuk 6 is bepaald of de ligging van de foetus in utero, op de rug of op de buik, 

invloed heeft op de meting van de dikte van de NT. In 62 foetussen werd de NT twee 

keer gemeten, een keer in rugligging en een keer in buikligging. De NT meting werd 

vastgelegd op print, en achteraf werd bekeken of de meting voldeed aan de 

kwaliteitseisen. Er werd een puntensysteem gebruikt om de kwaliteit van de metingen te 

beoordelen. De gemiddelde dikte van de NT in buikligging was 1.76mm, in rugligging 

was de gemiddelde dikte van de NT 1.77 mm. De kwaliteit, het gemiddelde aantal 

gescoorde punten van de metingen in rug- of buikligging was exact gelijk. 

Deze studie laat zien dat de ligging van de foetus tijdens het echo-onderzoek geen 

invloed heeft op de dikte, en ook niet op de kwaliteit van de meting van de NT. De 

meting van de NT kan, ongeacht de ligging van de foetus, betrouwbaar gemeten 

worden. 

In hoofdstuk 7 wordt een casus beschreven van een foetus waarbij een verdikte NT van 

5 mm werd gezien bij een zwangerschapsduur van 12 weken. Karyotypering leverde 

een normaal karyogram op. Bij aanvullend echo-onderzoek werden geen duidelijke 

afwijkingen gezien, behalve wat pericardvocht. In het maternale serum dat afgenomen 

is in het tweede trimester van de zwangerschap werden zeer lage concentraties uE3 en 

totaal hCG gevonden. Na de geboorte werd het syndroom van Zellweger vastgesteld. 

Een verdikte NT en een afwijkend resultaat na serum screening, maar een normaal 

karyogram, kan duiden op een zeldzaam genetisch syndroom zoals in dit geval het 
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syndroom van Zellweger. Een uitgebreid echo-onderzoek bij een zwangerschapsduur 

van 18-20 weken kan helpen in de diagnostiek. De klinische relevantie zal echter 

beperkt zijn door het grote aantal verschillende genetische syndromen dat geassocieerd 

is met een verdikte NT. 

Kunnen foetale cellen geïsoleerd worden uit de maternale perifere circulatie voor 

gebruik in de prenatale diagnostiek? 

In hoofdstuk 8 is een methode van verrijking, identificatie en analyse van foetale cellen 

uit maternaal bloed geëvalueerd. Bloed werd afgenomen na een invasieve ingreep 

(CVS), en verrijkt voor foetale cellen in drie stappen. De eerst stap was een scheiding 

van het bloedplasma, witte bloedcellen, kerndragende rode bloedcellen en rode 

bloedcellen. De kerndragende rode bloedcellen ondergingen een selectieve lysis van de 

maternale kerndragende rode bloedcellen. De overgebleven cellen werden gezuiverd 

met behulp van een gradiënt. Om de foetale cellen te kunnen herkennen werden deze 

gekleurd met een antilichaam tegen foetaal hemoglobine (anti-HbF). Om kerndragende 

rode cellen te onderscheiden van kerndragende witte cellen werden deze laatste 

gekleurd met anti-CD45, een antilichaam tegen de celmembraan van witte bloedcellen. 

Om de foetale oorsprong van de cellen te bevestigen werd gebruik gemaakt van FISH, 

met probes gericht tegen het X en Y chromosoom. De cellen werden geanalyseerd met 

behulp van een computer gestuurde microscoop. 

In alle bloedmonsters, die afgenomen werden na een invasieve ingreep en waar de 

foetus van het mannelijke geslacht was, konden foetale cellen gevonden worden. In de 

cellen werd het geslacht bevestigd met FISH (XY signaal). De kleuring op foetaal 

hemoglobine bleek niet specifiek genoeg in de selectie van foetale cellen; in een groot 

aantal bloedmonsters werden HbF bevattende cellen gevonden die afkomstig bleken van 

de moeder. In de toekomst zal dus gezocht moeten worden naar een specifiekere marker 

voor foetale cellen. 

Echter, foetale cellen aanwezig in de maternale perifere circulatie kunnen geïsoleerd, 

geïdentificeerd en geanalyseerd worden met de beschreven methode. 

In hoofdstuk 9 wordt gerapporteerd over een foetus met triploïdie gediagnosticeerd 

werd met een vlokkentest. De indicatie voor de vlokkentest was een verdikte NT. Deze 

triploïdie is teruggevonden in de foetale cellen die geïsoleerd werden uit de maternale 

circulatie volgens de methode beschreven in hoofdstuk 8. In de meerderheid van de 

geselecteerde cellen werden 3 signalen voor het X-chromosoom gezien. In het serum 

waren de concentraties van PAPP-A en vrij ß-hCG verlaagd. Een screeningsprogramma 

139 



Chapter 11 

dat gebaseerd is op bepaling van de dikte van de NT, van de eerste trimester serum 

markers PAPP-A en vrij ß-hCG, en/of de isolatie van foetale cellen uit de maternale 

circulatie, kan ook foetussen met triploïdie aantonen. 

Voor welke prenatale tests kiezen zwangere vrouwen? 

In hoofdstuk 10 is de mening gevraagd van zwangere vrouwen over prenatale 

diagnostiek en prenatale screening. Er werd een vragenlijst ontwikkeld met vragen 

betreffende huidige prenatale diagnostiek, prenatale screening, en mogelijkheden voor 

prenatale screening die in de nabije toekomst beschikbaar zouden kunnen zijn, zoals 

screening op basis van meting van de NT en maternale serum markers vroeg in de 

zwangerschap. De vragenlijsten werden uitgedeeld aan twee groepen vrouwen: vrouwen 

die in aanmerking kwamen voor prenatale diagnostiek voornamelijk op basis van hun 

leeftijd (n=148), en vrouwen met een laag risico op Down syndroom onder 

verloskundige zorg van een verloskundige (n=62). 

In beide groepen werden veel vragenlijsten ingevuld teruggestuurd (75%). De meeste 

ondervraagde vrouwen hadden een sterke voorkeur voor screening op Down syndroom 

in het eerste trimester van de zwangerschap, waarbij een combinatie van meting van de 

NT en serum screening het meest gekozen werd. Van alle geënquêteerde vrouwen bleek 

30% geen behoefde te hebben aan diagnostiek of screening op Down syndroom. 

Prenatale screeningsmethoden op Down syndroom, behoudens de maternale leeftijd, 

was niet erg bekend onder zwangere vrouwen in beide groepen. De kennis over en de 

acceptatie van prenatale diagnostiek was aanzienlijk beter. Bijna 70% van de 

ondervraagde vrouwen vond dat prenatale diagnostiek aan alle vrouwen aangeboden 

zou moeten ongeacht hun leeftijd. 

In beide groepen bestond er een grote behoefde om geïnformeerd te worden over 

prenatale screening op Down syndroom. 

Het verstrekken van informatie over de mogelijkheden om te screenen op Down 

syndroom vroeg in de zwangerschap, en het counselen van zwangere vrouwen die 

gebruik willen maken van deze mogelijkheden zou tegemoet komen aan de grote 

behoefde aan informatie die bestaat onder zwangere vrouwen. 
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Nawoord 

Dit proefschrift is tot stand gekomen dankzij de stimulerende en volhardende invloed 

van vele mensen. Allen, ook diegene die hier niet bij naam genoemd worden en die zich 

misschien niet eens bewust zijn van hun bijdrage, wil ik bedanken. Steun bij en plezier 

in je werk haal je niet alleen uit werkbesprekingen en dagelijkse begeleiding, maar ook 

uit "losse" opmerkingen als: "heb je al een cel gevonden?", "hoe gaat het?", kan ik iets 

voor je doen?", "ik heb bloed voor je geprikt want ik kon je nergens vinden", leuk 

praatje"of "ik heb een artikel waar je misschien iets aan hebt". Ik heb dat erg op prijs 

gesteld. 

De volgende mensen wil ik echter met name bedanken: 

Mijn beide promotoren, prof. Dr. O.P. Bleker en prof. Dr. N.J. Leschot. 

Beste Otto, ik bedankje voor je niet aflatende enthousiasme en je vertrouwen. 

Beste Nico, van je kritische houding en praktische tips heb ik veel geleerd. Dank 

daarvoor. 

Mijn beide co-promotoren, Dr. J.M.N. Hoovers en Dr. J.M.M, van Lith. 

Beste Jan H., je positieve kijk op de dingen, ook als de werkelijkheid anders doet 

vermoeden, is erg inspirerend geweest. 

Beste Jan, jouw creativiteit bij en enthousiasme voor nieuw onderzoek is zeer 

aanstekelijk. Een goed voorbeeld doet goed volgen. 

Een groot deel van het onderzoek vond plaats op de polikliniek Verloskunde, vooral op 

de echokamer. 

Mijn collega's Tineke Scholten, Anouk van Zuylen en Emmy van Houten wil ik 

ontzettend bedanken voor de prettige jaren. Zonder jullie luisterende oren, op-peppende 

woorden en goede adviezen was het zeker niet zo goed met me gegaan. 

Dr. Bilardo en Dr. Pajkrt. 

Lieve Katia en Eva, veel dank voor alles wat je jullie voor me gedaan hebben, en zeker 

ook voor wat jullie niet gedaan hebben, zodat een deel van mijn proefschrift mede dank 

zij jullie is ontstaan. 

Het onderzoek vond plaats in samenwerking met de afdeling Klinische Genetica. 
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Marja Jakobs, vanaf het begin tot het eind heb je meegewerkt en meegedacht. We 

hebben ons onderzoek tot een bijzonder goed eind gebracht. Ik vind het een eer dat je 

tijdens de verdediging ook naast me zal staan. 

Bart Essink, Saskia van Bezouw en Marianne Dijkstra, de "foetale-cellen-groep". 

Ondanks het moeizame onderzoek heb ik een leuke tijd gehad met jullie en hoop jullie 

nog vaak tegen te komen in het AMC. 

Bij promoveren hoort presenteren, en ondanks strakke planningen en goede 

voorbereiding, moesten dia's en foto's altijd gisteren klaar. Rob Lutgerhorst en Eelco 

Roos, bedankt dat jullie dat altijd weer voor elkaar kregen. 

Mijn ouders wil ik bedanken. 

Lieve Bob en Ria, bedankt voor jullie onvoorwaardelijke, maar gelukkig niet kritiekloze 

steun, vertrouwen en liefde. Ik ben ook trots op jullie! 

Als laatste, en als meeste, wil ik "mijn doctor" bedanken. Liefste Erik, bedankt voor 

alles en nog zoveel meer. 

Irene 
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