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Chapter 11 

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. 

127 



Chapter 11 

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 

128 



Summary and discussion 

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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